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Our GAL22V10-7 i is Eiiper Fast. 


At 7.5ns, Lattice provides the world’s fastest field-programmable 22V10. 
Based on our high-performance E2CMOS" technology, the GAL22V10-7 
combines 111 MHz Fmax with extremely low power consumption. It even 
supports industry standard loads and pinouts. What's more, it's 100% 
tested to guarantee perfect programming yields, less board rework and 
fewer system failures. 
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1-800-FASTGAL and ask for information packet 107. <-:.- 
Leader in E?CMOS PLDs" 
Lattice Semiconductor Corp 
cn oped whlauns Lace Senotacer Caruston Hilsboro,Gregon 97124 


Circle 160 for Literature (U.S. Response) 
Circle 161 for Literature (Response Outside U.S.) 


HP’s 50 MBd 
Plastic Fiber-Optic Data Links. 
Anything else would be twisted. 


Our new data links are so 
fast and cost-effective, 

it would be crazy to 

stick with twisted pair. 


Sure, optical fiber is immune to 
noise, but who can afford it? With 
HP’s new high-speed plastic fiber 
links, the answer is anyone. 


CG080203 


That’s because our new links rely 
on plastic optical fiber cable which 
keeps costs way below glass fiber, 
while offering far greater voltage 
isolation and noise immunity than 
twisted pair wire. 


A quick turn for the best. 


With data rates soaring to 50 MBd, 
HP’s plastic fiber links offer the 
fastest solution for designing com- 
puter, telecommunications, or 
industrial applications. So you can 
avoid bottlenecks, and design in 
data multiplexing. 


Perfectly flexible. 


You can choose interlocking hori- 
zontal or vertical mounts for greater 
mechanical design flexibility. The 


CIRCLE 106 


analog in/out provides the electrical 
design flexibility you need to meet 
your cost and performance goals. 


The whole ball of wax. 


What’s more, as the largest opto- 
electronic supplier in the U.S., 
HP offers you the industry’s most 
complete package of products 
and support services. To find out 
more about HP’s 50 MBd Plastic 
Fiber-Optic Data Links, call 

1 (800) 752-0900, ext. 2948 in 
the U.S.* You’d be crazy not to. 


There is a better way. 
HEWLETT 
@ | PACKARD 


*In Europe, FAX to: (49) 7031-14-1750. 


Soon, Eight Ho 
Computing Will 


(actual size) 


AMD Introduces The Worlds First 
386 Microprocessor With 3-Volt Technology. 


Two standard dry-cell batteries. There's Thanks to the low-voltage Am386 micro- 
really nothing special about them. Aside from processors, laptop, palmtop and notebook 
the fact that they can run a powerful, qgegueeeee COMputer designs will become smaller, lighter, 
portable 386 computer for a full meet. and more powerful than ever before. 
eight hours. Provided, of course, that | With battery life of up to eight 
portable is built around a low- (aes eee hours or more.That's a full day's 
voltage Am386"microprocessor, 1 huiatien POFP pain” WOrth Of 386 performance—the per- 


901 Thompson Place. PO. Box 3453. Sunnyvale. CA 94088 991 Advanced Micro Devices, Inc."We're Not Your Competition’ is a service mark and Am386 is a trademark of Advanced Micro Devices. Inc 


urs Of Portable 
Look Like This. 


formance you need to run sophisticated Am386 microprocessors call AMD today at 

applications like Windows”™3.0. 1-800-222-9323. You'll never look at dry-cell 
And rest assured, the low-voltage Am386__ batteries the same way again. 

microprocessors are proven compatible 

and comply fully with JEDEC standards for 

low-power, 3-volt computing. We can even a | 

supply you with the 3-volt EPROMs your sys- r 

tems will need. Other 3-volt system logic ° P 

is also readily available Advanced Micro Devices 


For more information on the low-voltage “Were Not Your Competition’™ 


All brand or product names mentioned are trademarks or registered trademarks of their respective holders. DURACELL is a registered trademark of Duracell International. Inc 
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ELECTRONIC 57 ENHANCED SRAMS PROPEL SYSTEMS PERFORMANCE 
DESIGN REPORT The venerable static RAM evolves as users demand versions tuned for 
narrow market segments. 
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No one To navigate the journey from aspect of } 
Su ever first concept to first silicon, you ASIC 
° said need a few things. Like a relia- product 
the road to top-down ASIC ble map. A guide who’s already development. 
design was easy. Along the been down the road to top-down A truly 


design. And integrated 
the right tools top-down 


way, there are all sorts 
of obstacles that can get 


you off track — and into to keep you ASIC solution 

trouble. More than one on the path that’s already been tested in 

designer has gotten through the thousands of successful designs. 
ASIC 


bogged down in the Our Navigator™ Series provides 


swamp of HDL pro- ee an integrated graphical design 
gramming, lost in the COMPASS® specification and synthesis 
datapath desert, or tangled upin —_ Design Automation gives you all environment that guides you 
the timing jungle. And that’s that and more. Front end to past the swamp of HDL 


not even the half of it. back, our tools integrate every programming. 
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3 WAIT 
REGULATED 
DC/DC 


BURR-BROWN 


R 
CONVERTIBLES ~ 


WPR4XX SERIES 


@ Extended 
Temperature Range 
-40° to +85° C 


@ Low Cost - $2229 
(1,000 pes. US) 


DRIVE THE WIDE RANGE with POWER CONVERTIBLES ™ 


@ 2:1 Input Range 
18-36 VDC 
36-72 VDC 


@ DIP Package 


Fax 1-602-741-3895 
BURR-BROWN® 


Call 1-800-548-6132 


SU80/110P 
SERIES 


SU30P 
SERIES 


SU40P 
SERIES 


SU65P 
SERIES 


m 85 - 264 VAC universal input 

w 30/40/65/110 W output power 

m Single to quad outputs 

# Compact footprints 
2.76" x 5.12" x 1.5" GOW series) 
3.00" x 5.00" x 1.5" (40W series) 
3.50" x 6.00" x 1.7" (65W series) 

w Low profile available for 
30/40W (1.2" in height) 

m Fully agency approved 
for 30/40/65 W 

= Low cost 


Call us today for quantity 
pricing and complete 
details on standard or 
custom-made products. 


A @G & 


CP FoRTRCN/SCURCE 


6818-G Patterson Pass Road 
Livermore, CA 94550 


Tel: (510) 373-1008 
Fax: (510) 373-1168 


% ae /QZ 
See us at booth No. 1028 
March 10-12 / Orlando, Florida 
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Make your next move on time 


You're ready to make your next strategic design move. So make 
it on time with Micron Synchronous SRAMs. 

Micron Synchronous SRAMs reduce the logic required 
with commodity SRAM solutions — simplifying your system 
designs and greatly reducing propagation delays. Plus you'll 
speed-up cycle times, reduce power consumption and decrease 
board space more than the commodity-plus-logic 
solution. All in one move. 

We've also made your move to 
synchronous easier by offering on-board 
data latches, dual chip enables and a rie 
variety of different packages — < E 
including PQFP. 


TOURETTE 


So whether you design high-performance systems, cache 
subsystems, DSP or systems requiring wide SRAMs, make the 
smart move and call Micron at 208-368-3900. And see why the 
time is right to move to synchronous. 

Micron. Technology that works for you. 


Memory Part Access Output Enable Package 
Configuration Number lime Access Time 
16K x 16 MT58C1610** 13,15, 17, 5,6,7,8,10ns — 52-pin PLCC 
20,25ns and PQEP 
1OK x 18 MT5SCIOLS* 13,15,17, 5.0,7,8,10ns  52-pin PLEC 
20,25ns and PQEP 
128K x 9 MT58C1289 16.6,20ns 3 32-pin SO} 


YAM 


* Output Enable is a synchronous signal on the 128K x 9 
** Latched version also available 


MIERON 


TECHNOLOGY, INC. 


2805 E. Columbia Rd., Boise, ID 83706 (208) 368-3900 


Customer Comment Lines: U.S. 800-932-4992: Intl: 01-208-368-3410 
CIRCLE 170 FOR U.S. RESPONSE ©1991 Micron Technology, Inc CIRCLE 171 FOR RESPONSE OUTSIDE THE US. 


It Takes Some 


haracteristic 


Very Special 
Be *l In EPROM. 


AMD EPROMs today are what other 
mere mortal EPROMs can only aspire to 
be: high density, of course. But also high 
speed. Able to store massive amounts 
of information, with lightning fast 
access times. All in our superior 
CMOS technology. 

EPROMs have always been our 
strength—thanks to our unparalleled 
performance, selection, reliability, 
and quality. 

f _— That's why we sell more EPROMs 
F than any other vendor* Period. And 

y were ready to do the same for years 

FP tocome.While other vendors have aban- 
doned EPROMs, we're still committed— 

to making the fastest, highest density EPROMs. 

In fact, we've got the most advanced EPROM 
wafer fab, assembly and test facilities in the 
world. Which produce the most reliable, high- 
est quality EPROMs available. In everything 
from surface mount plastic to mil spec 
compliant packages. 

So make yourself a hero.The instant you 
know your EPROM requirements, get them fast. 
Get them dense. Get them in volume. And 
get them right away. 

Call AMD at 1-800-222-9323 for more 
information. Or call your local sales office to 


place an order. 


Advanced Micro Devices 


901 Thompson Place, PO. Box 3453, Sunnyvale, CA 94088 © 1991 Advanced Micro Devices, Inc 
All brand or product names mentioned are trademarks or registered trademarks of their respective holders. 
*Dataquest. March 1991, based on 1990 data 
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While you’ve been pushing the 
limits of digital devices, 


HP’s specially designed nels with true tester-per-pin 
per-pin architecture architecture. 

makes high-performance CAE links, automatic test 
testing an economic functions, and software tools 


reality. pean test set up _ nt 
characterization thorough. 

The HP 83000 Model F660 ’ 

; ; h J 
Digital Test System uses specially srgkies aman 
designed multi-chip modules to The HP 83000 Digital Test System i ? soe 
give you the performance you for both engineering and testing and greater throughput. 
need to fully characterize designs production applications. Yet, the HP 83000’'s highly inte- 
on anything from GaAs to CMOS. grated, modular electronics 
With 50 ps accuracy. Speeds to bring you all this performance 


660 MHz. And up to 1024 chan- at a cost that’s less than tradi- 


we ve been pushing 
the limits of testing. 


tional ATE systems. And since 
they make the footprint smaller 
and upgrading easier, cost of 
ownership is lower, too. In fact, 
every technical aspect of the 
HP 83000 system was designed 
with the best combination of 
performance and cost efficiency 
in mind. 

So, if you’re pushing the perfor- 
mance of digital devices, call 
1-800-452-4844*. Ask for Ext. 
2898, and we'll send you infor- 
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mation that explains how the 
HP 83000 lets you test them to 
their limits. 


There is a better way. 


|G HEWLETT 


PACKARD 


* In Canada call 1-800-387-3867, Dept. 432. 
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LON" 
or 


LINC’ 
oD 


Now that engineers have inves- 
tigated LON technology, many are 
coming back to the original LINC 
(the CY233 Local Intelligent Net- 
work Controller), or are discover- 
ing the CY233 chip for the first time. 


With CY233s, one IBM-PC COM 
port can address up to 2048 TTL 
I/O lines. Try this with LON! 


@ The CY233 instruction set and 
features are fully documented. 
Try getting this info for LON. 

@ The CY233 does not require a 
$17,995.00 development sys- 
tem! You can start for $17.95 
plus any RS232 port computer. 

@ No CY233 royalties or licenses 
required. Be sure to check out 
LON terms and conditions. 

e Learn 7 LON levels or 1 easy 
LINC level. 

e Easy CY233 interface to 8051 
and similar microcontrollers. 

@ The CY233 is in stock now. 


Discouraged by $17,995.00 to start 
using LON? If you need a network, 
but LON is overkill, try these intro- 
ductory offers! Get started with the 
CO CYB233 prototyping kit with an 
onboard CY233 and wirewrap area, 
ready to assemble, for only $179.95, 
Dor try our introductory chip offer 
of 2 CY233s for only $17.95 each. 


Call 415-726-3000 today or 
Fax 415-726-3003 for info. 


Say LON sent you, and get these 
great introductory prices! 
Credit Cards OK! 


The CMOS CY233 operates at speeds up to 
57,600 baud and is available from stock in a 
40-pin DIP. (44-pin PLCC or Quad Flat Pak 
available in 1000s.) 


Cybernetic Micro Systems 
PO Box 3000 
San Gregorio CA 94074 
Tel: 415-726-3000 
Fax: 415-726-3003 

LON is a trademark of Echelon Corp. 


CY233-Linc is a trademark of Cybernetic Micro Sys. 
Limit one of each introductory offer per customer. 
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EDITORIAL 


BLAME IT ON... THE Moon? 


as anyone ever considered the possibility that holes in the ozone 
layer are exposing us not only tomoreintense ultraviolet radiation 
from the sun, but also to more intense illumination from the full 
moon? How else can anyone explain the recent rash of lunacies 
that we see all around us? 

Case in point no. 1: The average salary of major-league baseball players now 
is about one million dollars per year. However, ballplayers aren’t alone in that 
income bracket. They’re in a class with many executives of in-the-red corpora- 
tions, whose boards of directors seem to be muchless demanding of performance 
excellence than baseball managers. For one group, only teammates and fans get 
hurt when the manager makes a bad decision, while the other has thousands of 
other people’s jobs riding on his or her decisions. 

Case in point no. 2: Ina New York Times article about the shrinking number 
of jobs for physicists in the U.S., IEEE president-elect Merrill W. Buckley 
draws fire for his remarks on the immigration of foreign engineers in times of 
high unemployment. This view is disputed by a professor of physics who says, 
“Without the foreign physicists who came to the United States during this 
century, American science would have been in a sorry state.” That may have 
been true earlier in this century. But today, the knowledge and talent of many 
trained American engineers and physicists are wasted in menial technical jobs, 
if they have jobs at all. Companies, for whatever reason, no longer invest in 
research and development as they once did, surrendering the future for short- 
term budget gains today. And still, universities beat the drums for more 
students, with claims of a looming shortage of engineers and scientists. 

Case in point no. 3: The House of Representatives turns out to be a club for 
rubber-check writers. According to our Constitution, the House is the source of 
any bill that raises revenue, and now it becomes clear why the federal govern- 
ment always operates under a deficit. And these people are the same ones who 
waited until the middle of the night, when bill-paying, hard-working citizens 
(those who still had their jobs) were sleeping, to vote themselves a raise. Once 
again, Walt Kelly’s Pogo is proven right: “We have met the enemy and he is us.” 

Case in point no. 4: Politicians continue to jump aboard the trade protection- 
ist bandwagon, instead of coming up with programs that would help U.S. man- 
ufacturers compete in today’s and tomorrow’s global marketplace. That’s the 
best way to assure that voters will have jobs in the future. International com- 
petition is going to intensify in the coming years, and only the quality 

producers — and their workers’ jobs — will 
survive. 
Needless to say, we’d better plug 
that ozone layer in a hurry. 


hes xiorgoske 
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SWITCHES 


WITH BUILT-IN DRIVERS — 


Now, high-speed, high-isolation switches with 
with built-in drivers, tough enough to pass stringent 
MIL-STD-202 tests. There’s no longer any need to hassle 
with the complexities of designing a TTL driver interface and 
then adding yet another component to your subsystem... it’s 


SPECIFICATIONS already included in a rugged, low-cost, compact assembly. 


TOSW-230 TOSW-425 Available in the popular hermetically-sealed 
ZFSW-230DR = ZFSW-425DR TO-8 package or a small EMl-shielded metal connectorized 
Breg, RaligeiMrie) a ee case, these tiny PIN-diode reflective switches, complete 
oe nae Ae pi ids tes with driver, can operate over a 10 to 3000MHz span with a fast 
- Z < . ri 
100-1500MHz 11 1.9 1 17 2usec switching speed. 
1500-3000MHz 18 27 18 2.5 Despite their small size, these units offer 
solation(dB) typ min typ min isolation as high as 40dB(typ), insertion loss of only 1.1dB(typ), 
10-100MHz 60 40 60 40 j j 
100-1 500MEz 40 28 aD 30 and a 1dB compression point of +27dBm over most of the 
1500-3000MHz 35 22 35 22 frequency range. All models are TTL-compatible and operate from 
1dB Compression(dBm) typ min typ min a dc supply voltage of 4.5 to 5.5 V with 1.8mA quiescent current. 
10-100MHz 17 6 17 6 Switch to Mini-Circuits for highest quality 
100-1500MHz 27 19 27 19 : . ae 
1500-3000MHz 30 28 30 28 innovative products...and leave the driving to us. 
VSWR(ON) typ max typ max A ripe 
13 re = ee ots he adv 
Switching Time (usec) typ max typ max setting nig) < 
from 50% TTL to 90% RF) 2.0 40 2.0 40 
| gale regan or C7 Mini-Circuits 
: * — - r .4 A Division of Sc C poration 
Stor. Temp.(°C) “55 to +100 35 to +100 P.O Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 
Price (10-24) $39.95 $59.95 Fax (718) 332-4661 Domestic and International Telexes: 6852844 or 620156 
(1-9) $89.95 $109.95 WE ACCEPT AMERICAN EXPRESS 
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When is designing with DSPs 
stool? When you lack the sup 


like sitting on a two-legged 
port only TMS320 provides. 


trong, solid support is essential 
to your design success with 
digital signal processing. That’s why 
we at Texas Instruments have developed 
the support for our TMS320 DSP 
family as carefully and extensively as 
the family itself. 


World-class development tools 
Choose any DSP in our five-generation 
family, and you will find that the 
development 
bf environment is the 
same as that for 
. general-purpose 
. microprocessors. 
Included in 
the com- 
prehensive 
lineup are 
advanced 
high-level-language 
ANSI-compatible C 
compilers, HLL C-source- 
level debuggers, scan-based emulators, 
a multitasking DSP operating system 
and a low-cost evaluation module for 
benchmarking. 


Tap into plenty of help 
Our technical hot line connects you 
with TMS320 specialists who can 
answer your questions, provide more 
information or discuss 
a fine design point. 
We also maintain an 
on-line bulletin- 
board service. 
Hands-on work- 
shops are a convenient 
opportunity for familiar- 
izing yourself with the TMS320 family 
and development environment. More 
than 2,000 pages of applications notes 
and DSP code are available. In addi- 
tion, there are over 100 third parties 
and consultants supporting the TMS320 
family. And our university program 
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includes more 
than 100 
university labs. 
When it 
comes to DSP 
support, no one 
in the industry 
gives you as 
strong a third leg as we do. 


The right DSP at the right price 


The other two legs — performance and 
price — are just as strong. 

Our industry-standard TMS320 family 
contains more than 30 members, includ- 
ing the super-performance parallel- 
processing TMS320C40. Prices start 
as low as $3 for 16-bit devices and $25 
for 32-bit devices. That makes it easier 
and faster than ever before for you to 
closely match a DSP to your price/ 
performance needs. 

When only a custom 
device will do, 
Our unique 
customizable 
digital signal 
processing 
capability (cDSP) 
can adapt our 
general-purpose 
DSPs to your needs. 


To experience our strong support, 


call 1-800-336-5236, ext. 3536 
We'll send you our interactive disk 
“Designing with DSPs is Easy” so you 
can experience the TMS320 Program- 
mer’s Interface. In addition, you'll 
receive information on our broad 
T™sS320 family, our world-class support 
and customizable capability (cDSP). 


sa TEXAS 
INSTRUMENTS 


PICO 
High Voltage 
DC-DC 
Converters 


A" HtY.5°X.5" 
up to 1000VDC 


Series AV 
e 56 Standard Models 
® 100VDC to 1000VDC Output 


 Ultra- miniature Size and Weight 
(4 grams) 0.1 Cubic Inch 
Volume 


® 4 Standard Input Voltages 
5, 12, 24 and 28 Volts DC 

e No Heat Sink or Electrical 
Derating Required 


° Standard Operating Temp. 
—25°C to +70°C, Ambient 


® Input/Output Isolation 


Options Available for 

Military Applications 

* Optional Operating Temp. 
—55°C to +85°C, Ambient 

© Screening available per 
MIL-STD-883 

® Stabilization Bake 

° Temperature Cycle 

© Hi-Temp, Full Power Burn-in, 
160 Hours —125°C typical case 
temp. 

Delivery— stock to 


see EEM 
one week send direct tor 
Pico |==— 


e 
Electronics, Inc. 
453 N. MacQuesten Pkwy. Mt. Vernon, N.Y. 10552 
Call Toll Free 800-431-1064 
IN NEW YORK CALL 914-699-5514 

FAX 914-699-5565 
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TECHNOLOGY BRIEFING 


TAB Positions ITSELF For GROWTH 


ape-automated bonding (TAB) is making in- 
roadsasan enabling technology for future gen- 
erations of multichip modules (ELECTRONIC 
DESIGN, Jan. 9, p. 83). But despite its wide ac- 
ceptancein Japan and growthin the U.S. and Europe, the 
technology does haveits critics. At the recent Fourth In- 
ternational TAB Symposium, San Jose, Calif., a new di- 
rection was described for TAB that sidesteps many ofits 
pitfalls and may offer an avenue for substantial growth 
as a mainstream packaging technology. 

In developing a technique called demountable TAB 
(DTAB), researchers at Hewlett-Packard’s Cireuit 
Technology R&D Center, Palo Alto, Calif., sought to 
overcome the limitations that TAB’s critics have decried for years. These in- 
clude the technology’s high entry cost, the expense of applying gold bumps to 
chips, and the need for ever-finer pitches for pe-board traces. The loudest com- 
plaints concern the difficulties TAB poses for rework and repair. But by per- 
fecting a proprietary bumpless inner-lead-bond process, HP eliminated the 
bumping of chips. More importantly, the package’s separable outer-lead pres- 
sure contacts make for easy removal from the board after mounting. This cre- 
ates unlimited rework, not to mention ease of diagnostics and field service at 
the chip level. The 284-lead package uses area-array connection directly to 
through-hole vias on the pe board, eliminating the need for fine-pitch traces. 

The package plugs into precise alignment holes in the pe board. The board is 
backed by aspring stiffener and the package is secured by screws. Compressed 
elastomer is used to apply force to the outer leads. In performance tests at 65 
MHz and 125 MHz, the DTAB package equalled or exceeded the thermal and 
electrical performance ofany single-chip VLSI package. The package also with- 
stood aggressive environmental testing. As aresult, HP envisions DTAB as po- 
tentially spurring the proliferation of high-performance TAB technology. 

Researchers are also investigating other ways of getting around gold bump- 
ing of die for TAB attachment. A report from IBM Corp.’s Endicott, N.Y. fa- 
cility describes a process called solder-attach tape technology, in which the in- 
ner leads aren’t bonded by thermocompressing gold bumps on the chip. Instead, 
the heat necessary to form the bond is transferred to a tin-lead solder bump on 
the chip and gold-plated TAB leads by convection from hot gas applied through 
a nozzle over the bond site. The leads are pressed into the preheated solder by 
the nozzle, which applies the hot gas. A cool-gas cycle then solidifies the joint. 

The advantages of this technique, which borrows from IBM’s established flip- 
chip methodology, is that bonds can be formed over active circuitry. This means 
that array footprints can be packaged. Earlier TAB methodologies were lim- 
ited to perimeter connections. The shorter line lengths will reduce capacitive 
loading and other parasitic effects. Hence, devices will be faster. 

Some MCM developers have discovered that module testing requires a multi- 
phased approach to hardware test, and that TAB technology provides for eas- 
ier assembly than wire bonding. In addition, it’s easier to sort for good die when 
they’re mountedin TAB carriers. The experiences reported by the Tactical Sys- 
tems Division of Rockwell International Corp., Anaheim, Calif., show that MCM 
developers have a better handle on the complexity of module assembly and ver- 
ification than ever before. 

Rockwell’s approach to designing its dual-1750A processor module for a high- 
speed missile-interceptor program may well point the way for future MCM de- 
velopers. The company attributes its first-pass success to months of up-front 
work at the system level, which included an effort to reduce design complexity. 

Thus, as TAB developers and end-users explore ways to expand the tech- 
nology’s applicability, TAB inches closer and closer to the mainstream of pack- 
aging technology. 


DAVID MALINIAK 
COMPONENTS & PACKAGING 


ULTIMATE CONTROL 


No one can give you control of your GPIB test system like National Instruments can. 


PERFORMANCE 

The NAT4882™ chip makes our GPIB controller 

boards completely IEEE-488.2 compatible. 

When the NAT4882 is teamed with the 

Turbo488® performance chip, you get the 
maximum IEEE-488 transfer rate of 1 Mbytes/sec for both read 
and write operations. 


Use our industry-standard NI-488® software to control your 
GPIB instruments and give your test programs maximum 
throughput, regardless of your choice of personal computers 
or workstations. 


COMPATIBILITY 

The NAT4882 controller chip is also compatible with the 
controller chips of the past, so you get the best of both worlds — 
complete compatibility with your existing applications and the 
ability to meet your future requirements. 


And when your controller needs change, NI-488 programs are 
compatible across many different platforms and operating 
systems — without modification. 


UPGRADE PROGRAM 

Existing PC, PS/2, and Macintosh customers can upgrade to the 
benefits of IEEE-488.2 and increased performance through a 
special upgrade program. 


TRAINING 
Learn even more ways to improve your test system by taking 
our hands-on, IEEE-488 training course. 


have the ultimate GPIB control, call: ‘eisai 
(51 2) 794-01 00 or The Safterars is the Instrument ® 


neue ee Canada) 6504 Bridge Point Parkway 


Austin, TX 78730-5039 
See Us At ATE And Instrumentation 
Booth #108 


For more information on how you can 


AUSTRALIA (03) 879 9422 * DENMARK (45) 76 73 22 * FRANCE (1) 48 65 33 70 * GERMANY (089) 714 5093 « ITALY (02) 4830 1892 
JAPAN (03) 3788 1921 * NETHERLANDS (01720) 45761 * NORWAY (03) 846 866 » SPAIN (908) 604 304 * SWITZERLAND (056) 45 58 80 * U.K. (0635) 523 545 


Product names listed are trademarks of their respective manufacturers. Company names listed are trademarks or trade names of their respective companies. € 
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Having difficulty locating RF or pulse 
transformers with low droop, fast risetime or a 
particular impedance ratio over a specific frequency 
range?...Mini-Circuits offers a solution. 
Choose impedance ratios from 1:1 to 36:1, 
connector or pin versions (plastic or metal case 
built to meet MIL-T-21038 and MIL-T-55831 re- 
quirements’). Ultra-wideband response achieves low 
droop and fast risetime for pulse applications. Ratings 
up to 1000M ohms insulation resistance and up to 1000V T, TH, TT 
dielectric voltage. For wide dynamic range applications involving 
up to 100 mA DC primary current, use the T-H series. 


Coaxial connector models are offered with 50 and 75 ohm T.TH.TT 
impedance; BNC standard; request other types. baiaalier ya 


Available for immediate delivery with one-year guarantee. 
Call or write for 68-page catalog or see our catalog in 

EEM, or Microwaves Product Data Directory. 

*units are not QPL listed case styles 


TMO, case A 11, t case B 13 


ew \\ NSN Se 
finding new ways MCLNO. NS 
ok be dint standards FTBI-1-75 5050- 01-132-8034 


FTB1-6 5950-01 -225-8773 


a = 
T1-1 5950-10-128-3745 
ini-Circuits = = = 
T2-1 5950-01-106-1218 


A Division of Scientific Components Corporation T3-1T §950-01-153-0298 

P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 T4-1 5950-01 -024-7626 

Fax (718) 332-4661 Domestic and International Telexes: 6852844 or 620156 T9-1 5950-01 -105-8153 
T16-1 5950-01 -094-7439 


TMO1-1 5950-01 -178-2612 


T, TH, case W 38, X 65 bent lead version, KK81 bent lead version 
FT, FTB, case H 16 
NEW TC SURFACE MOUNT MODELS from 1MHz to 1500 MHz 


MCL NO 
TMO2-1 
TMO2.5-6 
TMO2.5-6T 
TMO3-1T 
TMO4-1 
TMO4-2 
TMO4-6 
TMO5-1T 
TMO9-1 
TMO16-1 


TRANS 


Over 50 off-the-shelf models... 


a Pt RUG 


style KK81 


NSN 

5950-01 -183-6414 
5950-01-215-4038 
5950-01-215-8697 
5950-01-168-7512 
§950-01-067-1012 
5950-01 -091-3553 
5950-01-132-8102 . 
5950-01-183-0779 
5950-01-141-0174 
5950-01 -138-4593 


bent lead version 


FORMERS 


KHz-800MHz tran $325 


Q FREQUENCY INSERTION LOSS PRICE $ 
RATIO MHz 
case style number MODEL 3dB 2dB 1dB me 
see opposite page NO MHz MHz MHz (1-9) 
At Gh AS hi 1 05-200 05-200 08-150 2-80 4.45 
T1-6T 1 003-300 003-300 01-150 02-50 6.95 
T2-1T 2 07-200 07-200 1-100 5-50 4.95 
T2.5-6T 25 01-100 01-100 02-50 50-20 4.95 
b = T3-1T 3 05-250 05-200 1-200 5-70 4.95 
PRI SEC T4-1 4 2-350 2-350 35-300 2-100 3.25 
T4-6T 4 02-250 02-250 05-150 0.1-100 4.45 
T5-1T 5 3-300 3-300 6-200 5-100 4.95 
T8-1T 8 03-140 03-140 10-90 1-60 7.95 
T13-1T 13 3-120 3-120 7-80 5-20 4.95 
T16-6T 16 03-75 03-75 06-30 1-20 5.65 
TH T4-1H 4 10-350 10-350 15-300 25-200 5.95 
TMO - TMO1-1T 1 05-200 05-200 08-150 2-80 7.95 
TMO2-1T 2 07-200 07-200 1-100 5-50 8.45 
+TMO2.5-6T 25 01-100 01-100 02-50 05-20 8.45 
+TMO3-1T 3 05-250 05-250 1-200 5-70 7.95 
TMO4-1 4 2-350 2-350 35-300 2-100 6.25 
TMO5-1T 5 3-300 3-300 6-200 5-100 8.45 
TMO13-1T 13 | 3-120 3-120 7-80 5-20 8.45 
B* TT 171-6 1 004-500 004-500 02-200 1-50 | 6.95 
TT1.5-1 15 075-500 075-500 2-100 1-50 5.95 
7 ry TT2.5-6 25 01-50 01-50 025-25 05-10 6.45 
PRI SEC TT4-1 3 05-200 2-50 2-50 1-30 5.95 
TT4-1A 4 0.1-300 0.1-300 0.2-250 0.3-180 6.95 
TT25-1 25 02-30 02-30 05-20 1-10 9.95 
TTMO  TTMO25-1 25 02-30 02-30 05-20 1-10 11.95 
TTMO1-1 1 005-100 005-100 01-75 05-40 11.45 
TTMO4-1A 4 0.1-300 0.1-300 0.2-250 0.3-180 13.95 
G iF T1-1 1 15-400 15-400 35-200 2-50 3.25 
T1.18-3 1.18 0.01-250 0.01-250 0.02-200 0.03-50 5.65 
T1-6 1 01-150 01-150 02-100 05-50 5.65 
T1.5-1 15 1-300 1-300 2-150 5-80 4.45 
T1.5-6 15 02-100 02-100 05-50 0.1-25 5.65 
* bs T2.5-6 25 01-100 01-100 02-50 05-20 4.45 
PRI SEC 14-6 4 02-200 02-200 05-150 1-100 4.45 
T9-1 9 15-200 15-200 3-150 2-40 3.95 
T16-1 16 3-120 3-120 7-80 5-20 4.45 
T36-1 36 03-20 03-20 05-10 1-5 6.95 
TO: s0275 1 10-500 - 10-500 40-250 6.95 
TH Ti-1H 1 8-300 8-300 10-200 25-100 5.95 
T9-1H 9 2-90 2-90 3-75 6-50 6.45 
T16-H 16 7-85 7-85 10-65 15-40 6.45 
TMO  TMO1-02 1 1-800 1-800 2-500 - 9.45 
TMO1-1 1 15-400 15-400 35-200 2-50 6.25 
TMO1.5-1 15 1-300 1-300 2-150 5-8 8.45 
+TMO2.5-6 25 01-100 01-100 02-50 05-20 7.95 
+TMO4-6 4 02-200 02-200 05-150 1-100 7.95 
TMO6-1 6 3-200 3-200 5-150 5-50 7.95 
TMO9-1 9 15-200 15-200 3-150 2-40 7.95 
TMO16-1 | 16 3-120 3-120 7-80 5-20 7.95 
D if T2-1 2 050-600 050-600 1-400 5-200 3.95 
T3-1 3 5-800 5-800 2-400 _ 4.45 
. = T4-2 4 2-600 2-600 5-500 2-250 3.95 
T8-1 8 15-250 15-250 25-200 2-100 3.95 
PRI SEC T14-1 14 2-150 2-150 5-100 2-50 4.95 
TMO TMO2-1 2 050-600 050-600 1-400 5-200 7.95 
TMO3-1 3 5-800 5-800 2-400 _ 8.45 
= TMO4-2 4 2-600 2-600 5-500 2-250 7.95 
. TMO8-1 8 15-250 15-250 25-200 2-100 7.95 
TMO14-1 14 2-150 2-150 5-100 2-50 8.45 
FT F4.22-1 1.22 005-100 005-100 01-50 05-25 35.95 
FT1.5-1 1.5 1-400 }_.1-400 5-200 1-100 35.95 
e e 
FTB-1 1 2-500 2-500 5-300 1-100 36.95 
E PRI SEC FTB FTB1-6 1 01-125 01-125 05-50 1-25 36.95 
sFTB-1-75 1 5-500 5-500 5-300 10-100 36.95 
T 1-622 1 0.1-200 0.1-200 0.5-100 5-80 3.25 
T626 1 0.01-10 0.01-10 0.2-5 04-2 3.95 
® Denotes 75 ohm models 
* FOR A AND B CONFIGURATIONS 
Maximum Amplitude Unbalance Maximum Phase Unbalance 
0.1 dB over 1 dB frequency range 1.0° over 1 dB frequency range 
0.5 dB over entire frequency range 5.0° over entire frequency range 
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ey. 


ul is everyone switching from bipolar to IR IGBIs" 


Ask three 
design engineers 


re ingtoIRIGBIs and 
a 1) } j youray get three 
‘ 45 5 ¥ differentanswers: 

Performance. IR IGBTs switch faster, 
generate less heat, and operate at higher 
frequencies than bipolars. 


why they reswitch- 


Simplicity. Our IGBT's MOS gate makes _ performance ratio improves. Or, the 
itmuch simpler to drive than a bipolar bottom line is the bottom line. 
Size. Its smaller footprint and lower ks your high voltage, high current 


component count saves power transistor circuit 
a lot of board space. PH \, designs, remember, 

Butallthreeanswers ¢ J 1, , cost efficiency has 
add up to one: Cost y= four initials: GBT. 
effectiveness, Any way = h Make that six. 
youlook atit, the price/ The old way. The right way. IRIGBT. 


'IeR| International Rectifier 


WORLD HEADQUARTERS: 233 KANSAS ST., EL SEGUNDO, CA 90245, U.S.A. (310) 322-3331, FAX (310) 322-3332, TELEX 472-0403. EUROPEAN HEADQUARTERS: HURST GREEN, OXTED. SURREY RH8 9BB, ENGLAND TELEPHONE (0883) 713215, TELEX 95219 
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TECHNOLOGY NEWSLETTER 


3 Useful battery life in portable electronic equipment such as notebook com- 
HIGH SP EED 3.3-V Logic puters and cordless telephones can be extended with two families of low-volt- | 


OPERATES DOWN To Te V age logic recently introduced by Philips Semiconductors, Eindhoven, the | 
Netherlands. Both families are intended for use as glue logic with 3-V versions of 16- and 32-bit 
processors and high-capacity memories. Dubbed HLL for high-speed low power, and LV for 
low voltage, they operate with supply rails as low as 1.2 V. That means they can work in 
circuits powered by one rechargeable cell or by two alkaline or carbon-zine primary batteries. | 
The output of a typical NiCd cell drops to 1.2 V when it needs recharging, while primary cells | 
have an end-of-life output of around 1.8 V. Power consumption for the two families is said to be 
one-half that of standard CMOS logic and input capacitance is 3.5 pF. HLL devices provide 
propagation delays of 2.5 ns in 3.3-V systems, while LV devices offer a delay of 8 ns. Each | 
group has latch-up-free operation and can connect directly with most bipolar TTL devices. 
Both families will soon be produced commercially at a newly completed wafer-fabrication 
plant at Nijmegen, Holland. Philips expects to announce 20 devices in each family this year, 
with samples of the first circuits, the 74HLL33240 and 74LV244 3-state octal buffer-line driv- 
ers, available now. The drivers are available in plastic SO 24- and 20-pin packages, respective- | 
ly. Versions in SSOP packages are planned for the end of this year. In Europe telephone Tinus 
V.D. Wouw at 031 80 532662. In the U.S. contact Albert Beijer at (408) 991-3626. Pr 


As the gap between PCs and workstations closes, the ante for next-genera- | 
64-BIT RISC cP U IC To tion desktop systems has been upped for PC suppliers with the release of the 


SP EARHEAD WORKSTATIONS 64-bit Alpha RISC microprocessor by Digital Equipment Corp., Maynard, 
Mass. DEC plans to use the 21064 in both its own VAX computer systems and the standard 
ACE-compatible computer systems, as well as sell the CPU chip and license its manufacturing 
rights to semiconductor suppliers. That last ploy is comparable to the approach Mips Comput- | 
er Systems Inc. uses for its RISC CPU families (Mips Computer Systems has just agreed to 
merge with Silicon Graphics, creating one of the largest suppliers of RISC-based systems 
hardware). The Alpha CPU, which offers about the same peak performance as that of the 
original Cray-1 supercomputer, has a feature set similar to that of the Mips R4000 processor— 
a full 64-bit RISC CPU and floating-point unit, dual 8-kbyte caches (twice that of the R4000), 
demand-paged memory management, parity and error-checking and correction, and a four- 
word write buffer. Operating with 200-MHz clocks and 3.3-V supplies, the Alpha delivers a 
throughput of about 400 MIPS. The chip will be housed in a 431-lead pin-grid array, dissipating 
about 23 W when running at 150 MHz (800-MHz external differential clocks). The first com- 
mercial version runs at 150 MHz (300 MIPS) and sells for $1650 each in lots of less than 1000 
units. Quantity shipments will start in July. Contact Richard Wittick, (508) 493-5111. pB 


The Delft University of Technology in the Netherlands will host an Interna- 
HOLLAN D Hosts ANALOG- tional Workshop entitled Advances in Analog Circuit Design. Conceived by | 


CIRCUIT WORKSHOP Prof. Johan Huijsing of Delft Univ., it will be held April 8-10 in Scheveningen. 
The three topics that will be covered, one for each day, are operational amplifiers, analog-to- 
digital converters, and analog CAE/CAD. Unlike a typical conference, there will be no concur- 
rent sessions. A sampling of invited speakers and their subjects include: Derek Bowers (Ana- 
log Devices, Santa Clara, Calif., U.S.), The Impact of New Architectures on the Ubiquitous 
Op Amp; Michael Steyaert (Catholic Univ. of Leuven, Belgium) Op Amp Design for Maxi- 
mum Gain-Bandwidth: Bipolar vs. CMOS; Klaas Bult (Philips Research Labs, Eindhoven, | 
the Netherlands) Super-Stage CMOS Op Amps; John Corcoran (Hewlett Packard Labs, Palo | 
Alto, Calif., U.S.) High-Speed Sampling and A-D Conversion; Tapani Ritoniemi (Tampere 
Univ. of Technology, Tampere, Finland), High-Speed 1-Bit Sigma-Delta Modulators; Andy 
Thurston (GEC-Marconi Research Centre, Chelmsford, Essex, U.K.) Bandpass Sigma-Delta 
A-D Conversion; and Marc Degrauwe (Centre Suisse d’Electronique et de Microtechnique, 
Neuchatel, Switzerland), Tools for Analog Design Planning. Telephone Prof. Johan Huijs- 
ing at 031 15 785745, or fax: 031 15 785755. FG 


PC manufacturers typically offer warranties ranging from 6 to 18 months. 
P C BUYERS GET LIFETIME Hyundai Electronics America, San Jose, Calif., claims it has enough confi- 


WARRANTIES, DISCOUNTS dence in its products that it’s taking their warranty to the farthest extreme— 
the company is offering a lifetime warranty on qualifying PC products. Hyundai claims that 
this is a first in the PC industry. The warranty covers the base system, including the mother- | 
board and other related components such as the video card, floppy disk drives, and the key- 
board. In addition, the company says that users purchasing a new system can get popular 


Now you can 
and not get 


Introducing new RISC System/6000 POWERstations 


If you're interested in open systems but don’t want to 
suffer the slings and arrows of outrageous prices, 
IBM is about to hit you where you live. The RISC 
System/6000™ POWERstation 220 gives you more 
wallop for your money, while delivering a hefty 259 
SPECmarks™ That's compared to the SUN IPCs” 134 
SPECmarks and the DEC5000%™ 17.8. 


Entry Entry 
Model Grayscale 8-bit Color 
Workstation** Workstationt 
IBM 220W $7,185 $9,995 
HP 705/710 $8,415 $14,065 


Scientists see stars. 
CASE users can start 
with a grayscale work- 
station with a paging 
disk for just $7,185. If 
its CAD clout you're 
after, you can get a 
workstation specially 
outfitted for mechani- 
cal design—with 2D 
color graphics and 
400MB of fixed 

disk storage—for only $9,995. All models in the 
POWERstation 220 series come with two expansion 


*In Canada, call 1 800 465-1234. **16MB, Paging Disk, Display, Operating System, Graphical User Interface. '16MB, 400MB Disk, Display, Operating System, Graphical User Interface 
BM is a registered trademark and RISC System/6000 is a trademark of International Business Machines Corporation. SPECmark is a geometric mean of the ten SPECmark tests andis a 


trademark of Standard Performance Evaluation Corporation. All SPECmark figures listed are as published by their respective manufacturers. All prices listed are MSRP. Remarketer prices may 
vary. IPC is a trademark of Sun Microsystems, Inc. DEC5000 is a trademark of Digital Equipment Corporation. UNIX is a registered trademark of UNIX Systems Laboratories. HAGAR THE 
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eet more clout, 


clobbered. 


and POWERservers that pack more punch for less. 


slots and upgradable components. And industry- machines, configure your network and integrate 
standard memory upgrades and add-ons for both all your systems, whether they’re made by IBM or 
are affordable, so growing wort be a pain. not. And IBM Credit Corporation has flexible 
financing packages to meet your needs. Get hit 
Striking a blow for business. The POWERserver with the details. Call your IBM marketing repre- 
220 is great for commercial UNIX® solutions, too. sentative or Business Partner. For literature, call 
You can configure it as a commercial server, to give 1 800 IBM-6676, ext. 769* 
your business the speed, muscle and openness of And, for those who decide to shop for UNIX 
UNIX, for only $9,715. And the POWERserver 220 solutions elsewhere, a word of advice. Duck. 


is as expandable as all our other models. 


IBM is in your corner. Nobody else he RISC System/6000 


delivers the knockout support of IBM. An 


IBM customer engineer can install your 5 For the Power Seeker. 
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software, software support, and accessories through Hyundai at significant discounts. The 
products come from such companies as Borland, Microspeed, Software Publishing Corp., and 
Software Support. RN 


To build the highest-speed mixed-signal array, Tektronix, Beaverton, Ore., 

MIXED-SIGNAL ARRAYS has moved to its latest trench-isolated process, GST-1 (Gigaspeed Silicon 

HOLD 12-GHz NP Ns Technology). GST-1 allows Tektronix to build npn transistors with an f, of 12 

GHz at a mere 600 A, while offering twice the packing density of its predecessor, the SHPi 

(Super-High Pi) process. And that’s with a beta of 40 and an Early voltage of 15. This self- 

aligned, double-polysilicon process uses a deep trench to isolate individual devices from each 

other in lieu of diffusions. The trenches are oxide-lined and back-filled with polysilicon. 

Trenching increases the packing density and decreases parasitics. The process uses a thin 

base anda highly doped emitter, which together can build high-speed transistors with good de 

characteristics. At a current of 1 mA, the Vpp mismatch between any two npn transistors (the 

cause of differential-pair offset voltage) runs under 2.5 mV. The array, called Quick Chip 7, 

uses a tile architecture. One-third of the chip’s center portion is a digital section; the other two- 

thirds is an analog section. The former section consists of one large tile with over 300 npn tran- 

sistors for ECL circuits. Four large tiles form the analog section, which contains over 200 npn 
transistors. For additional information, contact Dave Bernel at (503) 627-2515. FG 


" Last year, Gyration Inc., Saratoga, Calif., introduced a gyroscope-based 
GYROSCOP E BAS ED PC handheld computer pointer with an attached cord, an apparatus very similar 


P OINTER GOES WIRELESS to a mouse. A second version, called GyroPoint Remote, now communicates 
with a PC through RF transmissions. Like the original design, the pointer housing encloses a 
position-sensing miniature gyroscope. However, instead of sending cursor-control signals toa 
computer through an umbilical cord, the signals are sent by a transmitter connected to a user- 
worn belt or clip that connects to the pointer through a 3-ft. spiral cord. The receiver is 
attached to the computer by a 2-ft. cord that’s Apple- (ADB-) or PC/RS232-compatible. Gyro- 
Point Remote communicates with a PC at distances up to 50 ft. The device is compatible with 
all software programs based on Microsoft Windows and Apple Macintosh. Platforms from 
Sun Microsystems and Silicon Graphics need additional software drivers to use the pointer. 
GyroPoint Remote will be available from OEMs and independent resellers in June at a sug- 
gested retail price of $995. For more information, call (408) 255-3016. ML 


A high-performance interconnection for Rambus Inc.’s DRAM architecture 
RAMBUS-DRAM SOCKET is in the works. Augat Inc., Attleboro, Mass., is teaming up with the Moun- 
LOOMS ON THE HORIZON tain View, Calif.-based company to develop a surface-mountable memory- 
module socket that will address users’ needs for a rugged, reliable interconnect. The socket 
will also represent a Rambus-compatible interface for memory and logic devices from Fujitsu, 
NEC, and Toshiba, who have declared support for the Rambus architecture with compatible 
DRAMs, ASICs, and bus-interface support circuits. The socket will facilitate memory-system 
expansion for hundreds of Rambus DRAMs in a small footprint. The Rambus interface is 
implemented on ICs that forge a link to the Rambus Channel, a memory-interface bus that de- 
livers 500-Mbyte/s data transfers (ELECTRONIC DESIGN, Mar. 19, p. 137). DM 


Requiring no FCC licensing, the GINA (Global Integrated Network Access) 
TRANSCEIVER TARGETS data transceiver developed by GRE America Inc., Belmont, Calif., uses 
WIRELESS NETWORKS spread-spectrum technology to send and receive data at selectable rates up 
to 128 kbaud in a half-duplex mode. Operating in the 902- to 928-MHz frequency band, the 
transceiver is housed in a 1.52-in.-high enclosure that’s 4.17-in. wide and 5.0-in. deep. An 
omnidirectional, 50-0 antenna is attached to the housing. GINA connects to any device that 
has an RS282 serial port, and supplies up to 12 communication channels using four different di- 
rect-sequence-modulation codes with a bit-error rate of under 1 ppm. Transmission power of 1 
W provides a line-of-sight range of up to 1000 ft. Operating power is 12 V dc. For more 

information, call (415) 591-1400 or 800-233-5973. ML 
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DRIVE UP TO 


The PA41 from Apex is the industry’s first Compared to bipolar high voltage amplifiers, 
the PA41 does not suffer from second break- 
down because of its MOSFET design. Other 
available models include the PB58 (300V/2A), 
the PA85 (450V/200mA) and the PA89 
(1200V/75mA). f iby 


Call 1-800-862-1021 


monolithic operational amplifier to explode the 
voltage/cost barrier. Capable of 350V, and 
priced at $29.85 in 100s, the PA41 is just 

the thing for driving piezo electric devices 


efficiently and economically. 
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660 Volt Peak to Peak 
Low Cost Piezo Drive 


-175 


Piezo Motor 
0 TO 630 Volts Output ‘°° 


For Immediate rT tech 


Product Information, For Applications 

or to Place an Order or Product Selection 
Call 1-800-862-1021 APEX MICROTECHNOLOGY CORPORATION Assistance Call Toll 

or FAX (602) 888-3329 5980 N. SHANNON ROAD, TUCSON, ARIZONA 85741 Free 1-800-421-1865 
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DEDICATED TO EXCELLENCE 


ULTRA-REL 


ULTRA*REL™ MIXERS 5 yr. Guarantee 


with extra long life due to unique HP monolithic diode construction 
300°C high temp. storage, 1000 cycles thermal shock, vibration 
acceleration, and mechanical shock exceeding MIL requirements 


the world's largest selection 
5OOHZ to 5GHZ trom $249 


Over 200 off-the-shelf models, from low-cost rugged industrial to Hi-Rel military/space approved types, 

with LO power level requirements from -4dBm to +27dBm. We offer this wide variety 

of models, up to 5GHz, to allow you to select exactly what you need... 

pin, surface-mount, TO-8, flatpack, and connector package types, the specific frequency 

range your design involves, the optimum LO drive level, and a host of special types. 

And, exclusively from Mini-Circuits, 

ULTRA-REL™ mixers with a 

five-year guarantee 
and specification limits 
held to 4.5 sigma for 
unprecedented 
unit-to-unit repeatability. 

Choose mixers with low 
LO drive, low noise, load 
insensitive, quadrature mixer/ 
modulators, plus a large number of CIRCLE 120 FOR U.S. RESPONSE 
MliL-mixer types tested to 
MIL-M-28837/A, and TX screened. CIRCLE 121 FOR RESPONSE OUTSIDE THE US. 
For the most comprehensive 

computer characterization of mixers 
(isolation, conversion loss, intermod, 
and VSWR vs frequency), call or write 
your closest Mini-Circuits’ rep or 
distributor or our office 
for a free copy of our 
RF-IF Signal Processing 
Handbook, Vol. 1/2. 


finding new ways... 
setting higher standards 


= = ] ] 
Mini-Circuits 
A Division of Scientific Components Corporation 
P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 
Fax (718) 332-4661 Domestic and International Telexes: 6852844 or 620156 
WE ACCEPT AMERICAN EXPRESS AND VISA 
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F123-1 REV. C 


Instead of just telling you how 
PowerFrame lets you develop a fully 
integrated, front-to-back ASIC 
design system to reduce your errors, 
costs and development time by as 
much as 30%, we'll go one better. 

We'll show you. With a no- 


obligation trial of PowerFrame 
based on how it's being used in a real 
ASIC design environment today. 
And we'll do it nght at your site. 
We'll show you what leading 
ASIC vendors such as NEC Elec- 
tronics have already seen. That 
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PowerFrame is the open design 
management framework that 
relieves designers from the imposing 
task of manually managing work- 
flow and vast quantities of files and 
configurations. Thereby allowing 
them to concentrate on the design 
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! POWERFRAME ! 


lTyRIAL OFFER ! 


() Tell me more about the no-obligation PowerFrame trial offer 
that can be installed right at my site. I want to evaluate how PowerFrame can 
reduce my ASIC design cycle time. Have a Digital representative call 
to begin the qualification process. 
CJ Send me an invitation to visit the private PowerFrame suite at the 
Design Automation Conference. 
C) Just send me Digital's PowerFrame handbook for starters. 


Name 

Title 

Company 
Address 

City 

Zip/Postal Zone 


Department 


State Country 


Phone ( Ext. 


Our most challenging design management issue is: 


() Error generation ) Inefficient design process 
CF Other (please explain): 


C] Limited project management 


Our primary design discipline is: 
Olasic [1 Custom ic [) pcs () Electronic packaging 
0 Mechanical 


Software development 


Our primary engineering design software packages: 


C1 We have internal tools that we want to tie into our design process. 


Return to: Kathleen Hudson, Frameworks Marketing, Digital Equipment 
Corporation, MRO4-3/H8, 4 Results Way, Marlboro, MA 01752-3011 
Or FAX this entire page to: 1-508-467-1569. 


Offer limited to first 100 qualified respondents. Void where prohibited. 


SEE DIGITAL’S POWERFRAME AT THE 


DESIGN AUT ON CONFERENCE 
BOOTH 701 @ SUNE on 116 ANAHEIM, CA 
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and produce high-performance Sun® HP® and IBM® How it lets To see all that PowerFrame can 


working silicon the first time. 
We'll show you how Power- 
Frame’s open architecture lets you 
mix the best in-house design tools 
with the best commercial tools. How 
it supports multiple platforms - even 


you share ASIC design data with 
other parts of the system design and 
promote the data upstream as 
needed. And how PowerFrame 
provides a flexible environment that 
can change as your needs change. 


do for you, just return the coupon. 
But if dealing with scissors and post- 
age are too much of a bother, then 
tear this whole page out and fax 


it back to us at dj ilo i|t lal 


1-508-467-1569. 


CIRCLE 152 FOR U.S. RESPONSE CIRCLE 153 FOR RESPONSE OUTSIDE THE U.S. 


OPEN ADVANTAG E. 


IBM 1S A REGISTERED TRADEMARK OF INTERNATIONAL BUSINESS MACHINES CORPORATION. 
HP iS A REGISTERED TRADEMARK OF HEWLETT-PACKARD COMPANY. SUN IS A REGISTERED TRADEMARK OF SUN MICROSYSTEMS, INC 


Changing the Signal Processing World 
Forever. 


ZAP! Sometimes the best 
ideas come suddenly. With 
one great flash of insight, the 
problem is illuminated and 
quickly solved. Provided, of 
course, you are working with 
SPROC™ signal processing 
technology from STAR 
Semiconductor. 

Before SPROC, many bright 
ideas produced little more 
than a flash of light and wasted energy. And you have 
probably seen more than one enlightened solution 
bogged down in the time-consuming prototyping of 
an analog board or the agonizing handcoding of a 
DSP chip. 

Now SPROC can help you transform your bright 
ideas into brilliant signal processing solutions in a 
flash. By integrating an advanced, programmable 
signal processing chip and a powerful, easy-to-use 


SPROC "Sketch and Realize" Design 
Process Flow 


development system, SPROC technology allows you 
to create and modify an application in a matter of 
minutes . . . without writing code. 

How? The SPROClab™ development system uses the 
unique “Sketch and Realize” design approach to 
allow rapid transformation of signal processing 
designs from signal flow block diagrams. SPROClab 
automatically converts your diagrams into code 
optimized for the SPROC chip, which contains multi- 
ple on-chip processors for real-time signal processing 
performance. 

To learn more about the new SPROC technology, 
specially-designed to handle the needs of real-time 


signal processing, call 
=. SEMICONDUCTOR 


for your free 350-page 
DataBook and 
The Signal Processing Company 


demonstration disk. 
(908) 647-9400. 


25 Independence Boulevard, Warren, NJ 07059 


A Flash of Brilliance. 
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TECHNOLOGY ADVANCES 


SAW, ACT TECHNOLOGIES COMBINE To PRODUCE 
50 BILLION MULTIPLY-ACCUMULATE/SECOND ICs 


urface-acoustic-wave 
Gen technology is 

now coming to the 
fore to perform analog-sig- 
nal processing at unheard- 
of speeds. The SAW princi- 
pleis being applied toa phe- 
nomenon that for years 
has been under develop- 
ment—acoustic charge 
transport (ACT) technolo- 
gy. The analog-signal-pro- 
cessing power resulting 
from this union is best put 
in digital parlance: SAW/ 
ACT circuits can perform 
50 billion multiply-accumu- 
late operations per second 
(MACs). Such analog-pro- 
cessing power is often the 
only way to go, particular- 
ly for applications where 
accuracy of less than about 
10 bits is sufficient and 
blazing real-time speed is 
often vital. 

The joining of SAW and 
ACT technologies stems 
from a merger between 
Electronic Decisions Inc., 
Urbana, IIl., and Comlin- 
ear Corp., Fort Collins, 
Colo. Electronic Decisions, 
under Bill Hunsinger’s di- 
rection, has been develop- 
ing ACT technology for the 
last ten years, with fund- 
ing help from the Defense 
Advanced Research Pro- 
jects Agency (DARPA). 
Hunsinger invented the 
ACT concept at the Univer- 
sity of Illinois at Urbana. 
The Electronic Decisions/ 
Comlinear merger has 
borne fruit with a single IC 
that has supercomputing 
speeds (Fig. 1). 

With ACT, designers 
can build tapped delay 
lines to create transversal 
or finite-impulse-response 
(FIR) filters with signal 
bandwidths in the 150-to- 
500-MHzrange. FIR filters 
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Fig. 1 


have long been used to per- 
form correlation func- 
tions, although on lower- 
frequency signals. In fact, 
digital realizations of FIR 
filters lie at the heart of 
many digital-signal-pro- 
cessing algorithms. 

Such filters are also 
found on-chip in delta-sig- 
ma analog-to-digital con- 
verters. It should be noted 
that even these ACT-imple- 
mented FIR filters are, like 
switched-capacitor filters, 
sampled-data systems. 
However, unlike switched- 
capacitor filters, they offer 
virtually unlimited speed. 
With ACT technology, fil- 
ter sampling rates are ap- 
proaching 400 MHz. That 
puts them on a par with the 
fastest 6- and 8-bit bit flash 
ADCs available. More- 
over, because ACT filters 
perform multiplication and 
accumulation operations 
simultaneously, no super- 
computer is required to fin- 
ish the job. 

ACT devices are built on 
gallium arsenide, not for 
GaAs’ speed, but for its pi- 
ezoelectric capability to 

ELECT RO 


create the SAW (Fig. 2a). 
In fact, rather than being 
fabricated on a submicron 
GaAs line, the ACT ICs are 
made on a modified CMOS 
process with 8-~m lithog- 
raphy. ACT technology es- 
sentially represents a mar- 
riage of SAW and GaAs IC 


technologies. 

Consider the simple ACT 
delay line shown (Fig. 2a, 
again). Aninput signal x(t) 
is applied to an input ohmic 
contact (IC) on a depleted 
n-type epitaxial GaAs lay- 
er, which itself is grown on 
a semi-insulating GaAs 
substrate. On the same 
substrate, a high-Q trans- 
ducer generates a SAW 
that propagates across the 
surface at 2846 m/s. Be- 
cause the material is piezo- 
electric, the propagating 
surface wave induces a se- 
ries of electric fields within 
the epitaxial layer. These 
fields can be thought of as 
traveling potential wells. 

Each potential well that 
passes under the input con- 
tact injects a number of 
electrons, proportional to 
the input voltage at that in- 
stant, into the well. The 
fields associated with the 
surface wave then trans- 
port these packets of elec- 
trons (charge packets) 
along the ACT “channel” 
and away from the input 


ACT delay line 


Semi-insulating gallium arsenide 
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contact. This process con- 
verts the analog input sig- 
nal into a discrete-time sig- 
nal (sampled in time, but 
not quantized in ampli- 
tude). During the trans- 
port process, the signal can 
be considered “stored” in 
the device, thereby achiev- 
ing the analog memory re- 
quired for the signal-pro- 
cessing operation. 

As the signal is passed 
down the line, it can be 
sensed by a series of non- 
destructive sense (NDS) 
electrodes, or “taps”. They 
measure, but do not 
change, the amount of 
charge in each well. These 
taps provide the delayed 
versions of the input signal 
required to realize the FIR 
filter. At the end of the 
ACT channel, another 
ohmic contact (EX) re- 
moves the charge from the 
wells, and if required, pro- 
duces a sampled and de- 
layed version of the input 
signal. Present devices 
sampling at 360 MHz have 
been built with 128 taps. 
Their product (360 MHz x 
128) represents the equiva- 
lent of 46.08 billion MACs. 

In a typical programma- 
ble transversal filter 
(PTF), each block labeled T 
represents a unit delay ele- 
ment, and each block la- 
beled h represents a 
weighting coefficient by 
which the delayed signals 
are multiplied prior to their 
summation or accumula- 
tion (Fig. 2b). As noted ear- 
lier, the concept is not new. 
Various techniques and 
technologies have been de- 
veloped to perform the 
function, including devices 
using mechanical, optical, 
and thermal phenomena. 
But all have suffered from 
performance or manufac- 
turing limitations. 

Combining the ACT 
tapped delay line with on- 
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ACT PTF architecture 


Fig. 3 


chip tap-weighting and 
memory circuits creates a 
manufacturable (at rea- 
sonable cost), high-perfor- 
mance PTF (Fig. 3). The 
taps are weighted by pro- 
grammable attenuators 
formed from capacitive 
multiplying digital-to-ana- 
log converters (MDACs) C 
and 2C that set the magni- 
tude of each coefficient. A 
pair of summing buses, 2+ 
and >-, connected to the 
noninverting and inverting 
inputs, respectively, of a 
high-speed off-chip op amp 
(such as those made by 
Comlinear), perform the 
accumulation function re- 
quired by the transversal 
filter. These two buses per- 
mit bipolar tap-weighting. 
On-chip static memory 
cells, similar to GaAs 
SRAMs;, store the values of 
the tap weights. To change 
the tap weights, the user 
simply supplies a data 
word containing the de- 
sired coefficient, the ad- 
dress of the tap to be pro- 
grammed, and an enable 
signal when it’s time for 
the change. 

To date, ACT PTF's have 
been built with 7 bits of tap 
weight and with up to 128 
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taps. Tap spacings range 
from 2.8 to 10 ns, and tap- 
programming rates are 1 
to 5 MHz. Future goals for 
ACT PTF include 10 bits 
of tap-weight control, up to 
1024 taps, l-ns tap spacing, 
sampling rates to 1 GHz, 
and programming rates to 
20 MHz. 

Transversal filters pro- 
vide a correlation function. 
That is, they examine a re- 
ceived signal and perform 
signal recognition (detec- 
tion) by comparing it witha 
priori examples of the sig- 
nal. This is often called pat- 
tern recognition. The hu- 
man eye, ear, and brain 
perform this function con- 
tinuously and accurately 
at speeds that bring super- 
computers to their knees. 

Examples of ACT trans- 
versal applications include 
radar and sonar signature 
analysis to evaluate a 
threat ora target. Thatis, a 
fighter plane might exam- 
ine the signature of an im- 
pinging radar signal and 
determine if it’s friend or 
foe, and if the latter, what 
kind of source (from 
ground or air, gun or mis- 
sile) it came from. Need- 
less to say, these applica- 
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tions can’t afford two 
hours of computer time to 
get the answer. Alterna- 
tively, the aircraft might 
examine the signature of 
its own returned signal and 
determine more accurately 
the nature of the target. 

ACT also has real-world 
commercial applications. 
For example, the first ACT 
product will go into the 
read channel of high-end 
(over 1 Gbyte of storage) 
disk drives. Digital audio 
broadcasting, or DAB, is 
another application. Pres- 
ently, the FCC, the com- 
mercial broadcasting in- 
dustry, automotive compa- 
nies, and several major 
semiconductor companies 
are discussing various 
schemes to transmit CD- 
quality audio over existing 
or new AM and FM radio 
channels. The most attrac- 
tive solution would involve 
a system in which a sepa- 
rate digitally encoded sig- 
nal is broadcast simulta- 
neously and within the al- 
ready allocated bands. 
However, it must not inter- 
fere with conventional sig- 
nals. A receiver based on 
ACT has been built and its 
feasibility demonstrated, a 
feat that until now was 
proven virtually impossi- 
ble to achieve. 

The ACT technique lets 
the receiver instanta- 
neously track and cancel 
standard analog FM or AM 
signals while allowing an 
underlying digital signal to 
pass through. Listeners 
with conventional radios 
will receive standard (ana- 
log) broadcast channels as 
those with DAB-capable 
receivers receive both the 
standard and the CD-quali- 
ty signals. 

For additional ACT in- 
formation, call Daniel 
Fleisch at (217) 367-2600. 
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ABSOLUTE VALUE. 


High performance LCR meters from SRS. 
0.05% accuracy, 100 kHz frequency. 
Absolutely lowest price. 


Value. It means getting your money's worth. sa720.  ...... CO*””:*C<Cia 
For passive component measurement, the new * 0.05% basic accuracy 
standards in value are the SR720/715 LCR meters * 100 Hz to 100 kHz measurement frequency 


from SRS. Meters that offer significant advantages in  * [WO 5 digit displays for simultaneous readout 
performance and price. Performance like .05% basic of major and minor parameters. 


accuracy, 100 kHz test frequency, and fast * Auto, R+Q, L+Q, C+D, C+R, Series and 

measurement rates up to 20 per second. Features Parallel measurement modes 

like a built in Kelvin fixture, averaging, binning and * 100 mV to 1.0 V test signals 

limits, stored setups, and quick calibration. With the * Internal and External Bias 

standard RS232 and optional GPIB and Handler * Binning and Limits for production testing and 

interfaces, the SR720/715 solves your incoming component inspection. 

inspection and automated test needs. All for a price * RS232 interface 

well below what you'd expect. ~ GPIB and Handler interface (optional) 
SR715 $1495 

The SR720/SR715. Absolute values in a complex Same as SR720 except: 


world. Call (408)744-9040 today for more 


* 0.2% basic 
information about the SRS advantage. o basic accuracy 


* 100 Hz to 10 kHz measurement frequency 


STANFORD RESEARCH SYSTEMS 


1290 D Reamwood Avenue, Sunnyvale, CA 94089 TEL (408)744-9040 FAX 4087449049 TLX 706891 SRS UD 
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Drive Past 
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You Need To 


Give You The Speed 
The Competition. 


Now you can choose 1Mb SRAMs 
in BiCMOS at 12ns or CMOS at 15ns. 


Available in both x4 and x8 configura- BiCMOS SRAM families speed up to 
tions, our BiCMOS 1Mb parts clock _10ns, with a wide range of configura- 
in at 12ns. Based on our 0.7 micron tions in the 10-12ns range. 

process, they’re perfect for today’s Drive our way for slower SRAM 
higher performance sys- TOSHIBA and pseudo SRAM needs. We 


tems. And we're shipping, ee alent have pseudos in densities up to 
not just talking. 4Mb, and a wide selection of 
If you need a wider part, CMOS parts in the 70- 
Toshiba is again ready to 100ns range. Both 
deliver.Our64Kb yy fp CMOS and 
x16 1Mb CMOS Wz me BiCMOS product 
SRAM still holds 3 ~~ Offerings are derived 
the speed record from our CMOST archi- 
at 15ns. That’s 25% tecture, the cornerstone 
faster than the nearest of Toshiba’s worldwide 
competitor. If you're ® process leadership. 
wrestling with a design So call Toshiba and move into the 
using a wide RISC or very fast lane. 
CISC processor, this part is for you. For technical 
For BiCMOS performance in literature, call 
lower densities, Toshiba still has your 1-800-321-1718. 
number. Our 64Kb and 256Kb 


CMOST is the cornerstone 
of Toshiba’s Unified Device 
Architecture. 


In Touch with Tomorrow 


TOSHIBA 


TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 


© 1992 Toshiba America Electronic Components, Inc. MST-91-072 
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MCM CONFERENCE STRESSES 
SYSTEM-LEVEL DESIGN 


ith multichip mod- 
ules (MCMs) now 
a vital cog in sys- 


tems design, packaging 
has graduated to system- 
level priority status. To un- 
derscore this trend, the 
First International Confer- 
ence on Multichip Modules 
will be held this week in 
Denver. In addition to spot- 
lighting the newest devel- 
opments in MCMs, the con- 
ference’s 70 technical pa- 
pers provide comprehen- 
sive coverage of 
applications, materials, 
trade-offs, performance 
analysis, testing, and reli- 
ability. All of the issues 
covered point toward the 
industry’s heightened per- 


CHOICE FIRS 


ception of packaging as a 
determining factor in sys- 
tem performance. 

In fact, some of the 
newest MCM develop- 
ments reflect a systems- 
level approach to package 
design. For instance, in its 
design of a solid-state re- 
cording (SSR) device for 
the Defense Advanced Re- 
search Projects Agency 
(DARPA), Texas Instru- 
ments, Dallas, began with 
the goal of packaging 4 
Gbytes of memory in 100 
in.’ (see the figure). To do 
so, the company relied on 
its 83D memory-packaging 
scheme, which was also de- 
veloped under a DARPA 
contract. The SSR is built 


with multiple 3D memory 
cubes packaged onasingle 
silicon substrate. It’s in- 
tended an alternative to 
more cumbersome mag- 
netic-tape machines. 

The SSR is composed ofa 
memory-interface unit 
(MIU) and one or more 1.2- 


Gbit memory units 
(GMUs). The current SSR 
chassis holds up to three 
GMUs or 3.6 Gbits. Each 
GMU houses 1.2 Gbits of 
static RAM in slightly 
more than 10in.*. 

A GMU consists of 1280 
1-Mbit SRAMs, 10 flip- 


HSP43168 Dual FIR Filter 


e World's fastest stondard FR filter at 5 Mite 
* Flexible for mile configurations | 
@ From two 4-tap filters to one 256-tap filter 


@ Stores 32 filter sets on chip; changes filters on the fly 


Nobody gives you more 
choices in programmable FIR 
filters than Harris. From the 
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Throughput 
(megasamples/sec) 


45 megasamples per second 
throughput of our HSP43168, 
to the 512,000-equivalent-tap 
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precision of our HSP43220, 
Harris has a FIR filter that meets 
your digital filtering needs. 


m@ HSP43481 


TAB-bonded CMOS 
ASICs, four flip-TAB- 
bonded buffers, and a 
handful of discrete parts, 
all placed on a high-density 
silicon substrate. Of the 
seven individual sub- 
strates that comprise the 
GMU, five are identical 
memory-bank substrates. 
Each holds 82 3D stacks, 2 
flip-TAB-bonded ASICs 
for memory interface and 
control, and 16 discrete 
components. The memory- 
bank substrate has 9568 
top metal pads over a 4.066- 
in.” area, which TI claims 
as the world’s densest con- 
glomeration of I/O inter- 
connections on silicon. 
There are 404 individual 
nets that require over 50 
feet of routing on each 
memory-bank substrate. 
The conference will also 
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™ HSP43168 


So why not give us a call today? 
With our broad line of DSP pro- 
ducts — including NCOs, digital 


TECHNOLOGY ADVANCES 


delve into the ongoing mi- 
gration of MCM technolo- 
gy from high-end military 
and aerospace applications 
to low-cost, high-volume 
commercial applications. 
An example of this is the 
joint effort by Multichip 
Technologies Inc., Ross 
Technologies Inc., and 
Mentor Graphics Inc., allof 
San Jose, Calif. The trio 
banded to create a dual- 
RISC-chip set module for 
use in workstations. 

The processor was origi- 
nally designed and built on 
a3.3-by-5.7-in. pe board, us- 
ing chips in ceramic quad 
flat packs. Although that 
version was capable of a 40- 
MHz clock rate, the pack- 
aging and board intercon- 
nect limited its speed. The 
less expensive MCM ver- 
sion, which was designed 


™ HSP43220 


filters and image processing — 
we're the new wave in DSP. Catch 
it. Call 1-800-4-HARRIS, ext. 1172. 


using Mentor Graphics’ 
MCM Station software, 
showed a 20% speed in- 
crease and consumed 10% 
less power than the 28-W 
pe board. Analysis showed 
that the same chip set de- 
signed specifically for 
MCM use could achieve up 
to 60 MHz, which is a 1.75X 
improvement compared 
with the pe-board version. 
Manufacturability is es- 
sential to continue the mi- 
gration of MCM technolo- 
gy from high-end to mid- 
dle- and low-end systems. 
A technique called planar 
bonding developed by 
CNET-France Telecom, 
Meylan, France, requires 
no special processing 
equipment (with the excep- 
tion of an inserting ma- 
chine) and uses standard 
chips. But the technique’s 


short and thick wire bonds 
from chip to substrate of- 
fer a 3X to 5X speed im- 
provement compared with 
traditional wire bonding. 

Planar bonding involves 
using a YAG (yttrium-alu- 
minum-garnet) laser to cut 
holes in a silicon substrate, 
into which the chips are 
placed by vacuum twee- 
zers. Once inserted in the 
holes, the surface of the 
chips is planar with that of 
the substrate. After align- 
ment under visual inspec- 
tion, the chips are glued in 
by microinjecting liquid 
resin into the 80-to-100-um 
gap between the chip and 
substrate. 

A lithographic pattern- 
ing technique was first 
used to simultaneously 
connect all of the chip 
bonding pads to the sub- 


@ Highest precision FR fer with 512,000 equivalent taps 
© primal for very narrow band low-pass filtering 
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@ high order decimate filter (up to 1024) and high tap FIR 
(up to 512) on single chip 


strate. This method, how- 
ever, required precise fill- 
ing of the chip-to-substrate 
gap and a planarization 
step. The alternative was 
the planar-bonding tech- 
nique, which permits wire 
bonds as short as 100 to 200 
pm. By contrast, conven- 
tional wire bonds are often 
longer than 600 um. Other 
benefits offered by the 
technology are that it’s 
easily repairable, andit can 
fabricate optoelectronic 
hybrids with deposited 
wave guides as chip-to-wa- 
fer interconnections. 

Once the manufactura- 
bility issue is settled, other 
system considerations 
must be hashed out. As 
system cycle time de- 
creases, the challenge of 
distributing high-frequen- 
cy clock signals among the 
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different levels of packag- 
ing becomes more severe. 
A paper from IBM Corp.’s 
East Fishkill, N.Y. facility, 
states that the clock sys- 
tem should be viewed as an 
application that spans ev- 
ery technology comprising 
the computer. As the clock 
signalis distributed to vari- 
ous parts of the system, 
the goal is to minimize 
clock skew, which is de- 
fined as the arrival-time 
difference between any 
two clock edges. 

Several factors contrib- 
ute to clock skew, but care- 
ful design can mitigate 
them. For instance, nomi- 
nal design variations, such 
as differences in via capaci- 
tances, can be controlled 
by careful layout of the 
clock-distribution net- 
work. Another contributor 


to skew is the delay toler- 
ances of the circuits and 
packages. Chips and pack- 
ages can be sorted to re- 
duce these variations. The 
clock system can also be 
designed to be “tunable.” 
Other skew contributors 
include coupled noise, del- 
ta-I noise, and reflection 
noise. Reflection noise, 
which results from capaci- 
tive loading and packaging 
discontinuities, is control- 
lable if carefully designed. 

Testability and reliabil- 
ity are also hot topics for 
MCM builders and users. 
Many problems with die 
and module testing must 
be overcome before MCMs 
represent a reliable, cost- 
effective vehicle for sys- 
tems houses. At the ASIC 
Division of Motorola Inc., 


Chandler, Ariz., the MCM 


test philosophy includes 
not only a functional-mod- 
ule test, but also good elec- 
trical and thermal analy- 
sis. This again illustrates 
the need for a system ap- 
proach to MCMs. 
Motorola’s test ap- 
proach begins well before 
final-module testing by 
simulating design parame- 
ters to ensure that the de- 
sign operates within its 
specified limits, and to gen- 
erate test vectors for final 
testing. After physical de- 
sign is performed with an 
MCM place-and-route tool, 
special analysis tools are 
applied to evaluate the 
electrical and thermal 
properties of the design. 
The hardware-test meth- 
odology encompasses both 
die and module testing. 
Functional testing is per- 


HSP45116 


HSP45106 HSP45102 


PURE PERFORMANCE 


DIGITAL MODULATION MADE EASY 


Phase accumulator 32 bits 


size 


| QAM | Implement bos infinite levels of 
Quadrature Amp bude Modulation 
PSK | Implement all forms of Phase 

Shift Keying from DPSK to 8PSK 


FM/FSK/FHOP biti 


frequency 
control; change frequency in a single clock cycle 


16 bits 
32 bits 
0.008 Hz 


Phase control 


Frequency control 


Tuning resolution 0.009 Hz 


at maximum speed 


For pure performance in frequency 
synthesis, catch the new wave in DSP 
The new wave is Harris. 

Our Numerically Controlled 
Oscillators (NCOs) offer spectral 
purity of better than 90 dB. Tuning 
resolution of 0.008 Hertz. 32-bit-wide 


Serial 
40 MHz 


Standard uP 
33 MHz 


Interface 


Speed 


HSP45102 


Shown Actual Size 


Output 16 parallel 12 parallel 
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formed at the expected op- 
erating frequency, and in- 
cludes propagation-delay 
measurements, setup-and- 
hold measurements, and 
parametric testing. Then, 
characterization testing is 
executed to determine the 
module’s electrical and 
thermal properties. 
Thermal considerations 
are still another area of 
concern for MCMs that can 
benefit greatly from a sys- 
tem-level design approach. 
A paper from Alcoa Elec- 
tronic Packaging Inc., Al- 
coa Center, Pa., describes 
an analysis of various 
methods of removing heat 
from flip-chip-mounted 
die. One such method used 
a glass-filled solder-bump 
encapsulant to improve 
heat flow from the die to 
the substrate. That’s be- 


SPECTRAL PURITY OF THE HARRIS NCO FAMILY 
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cause, generally, heat 
transfer through the sol- 
der bumps is inadequate 
for individual chips dissi- 
pating 10 to 30 W. The oth- 
er methods involved con- 
ducting heat from the back 
of the die to the module’s 
lid. The transfer media 
studied include metal- 
filled elastomers, conduc- 
tive pastes, and solders. 
The results showed that 
indium-alloy solders had 
the highest thermal per- 
formance for back-of-die 
heat removal. The metal- 
filled elastomers proved to 
be effective, but not as ef- 
fective as the thermally 
conductive pastes. Going 
the other way with a sol- 
der-bump encapsulant is 
also effective, but it makes 
rework more difficult. 
Materials research is a 


key to improving the per- 
formance of high-end 
MCMs. The dielectric con- 
stant of substrate materi- 
als is critical for reducing 
coupling between conduc- 
tors, which provides lower 
levels of crosstalk as well 
as lower dielectric losses 
and impedances. Because 
dense ceramic-glass sub- 
strate materials have al- 
ready been pushed to their 
limit in terms of dielectric 
constant, materials re- 
searchers have turned to 
controlled-porosity ceram- 
ics as an alternative. 

At the University of IIli- 
nois, Urbana, a process for 
synthesis of hollow mullite 
microspheres holds prom- 
ise as a way to lower the 
dielectric constant of ce- 
ramics (mullite is an ortho- 
rhombic silicate of alumi- 


num). Research centers on 
a dielectric-constant range 
of 2.5to3.5. A new material 
in this range would nearly 
double the propagation 
speed of alumina, which is 
a standard material in 
MCM packaging. Polyi- 
mide falls in this particular 
range, but its relatively 
high moisture absorption, 
poor heat dissipation, in- 
ability to withstand serial 
processing, and other 
drawbacks impose design 
limitations not associated 
with inorganic materials 
like ceramics. The work at 
Urbana represents an ef- 
fort to produce a low-di- 
electric-constant material 
that can be reheated to 
more than 800°C and stay 
within known metalliza- 
tion techniques. 

DAVID MALINIAK 


Typical spectral purity as measured by 2048 point FFT with Blackman window. The Harris family of NCOs will always have a spurious-free dynamic range better than shown. 


mm HSP45116 
mm HSP45106 
m@ HSP45102 


our HSP45102 12-bit NCO has a foot- 
print of just 0.28 square inches. 

So get in tune with Harris. With our 
broad line of DSP products — including 
NCOs, digital filters and image process- 
ing — were the new wave in DSP Catch 
it. Call 1-800-4-HARRIS, ext. 1171. 
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phase accumulation. No one else offers 
NCOs that generate signals so pure 
with so much precision. 

No one else offers NCOs with so many 
features, either. Our HSP45116 also 
implements Direct Digital Down 
Conversion on the same chip. And 


“Speed fascinates me. The 
2,193 mph. Instant face lift. 
push the needle over 200 m 
served a tennis ball 138 mp 
run? 3:46.32. Now thats fas 
sider it takes a snail five day 
And speaking of speed, ther 
of programmable logic. 1 
12ns and system clock freq 
fast, low skew routing with 
of 3ns or less. Whoooosh! It 
faster than MAX 7000. Were 


Air Force has a jet that hit 
A Lamborghini Diablo can 
ph. [heres a guy who once 
h. And the fastest mile ever 
t. Especially when you con- 
s to cover the same ground. 
es Alteras MAX 7000 family 
th pin-to-pin logic delays of 
uencies over 80 MHz. Plus 
a predictable delay | ' 
just doesnt get any aaa 

talking warp — 
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SIEMENS 


Introducing A New Level Of Performance, 
And The World Speed Records To Back It Up. 


With the world’s only 16-bit 
microcontroller 4-stage pipeline, 
the 80C166 gives you winning 
performance, from start to finish. 
With its innovative combination of blazing 
CPU performance and peripheral func- 
tionality, the SAB80C166 has 
blown past the competition in 


The 80C166 also 
gives you the most \ 
effective interrupt 
performance any- 16- and 8-bit 
where, with speeds Microcontrollers 

as fast as 250 ns because the 64 levels of 


SAB80C185 \ 


priority are arbitrated each machine cycle. 
WORLD SPEED RECORDS 


The fully vectored 


embedded control speed 
and performance. 


interrupt system 
allows the fastest 


The Fastest Real-Time 


identification of 


Controller In The World. 


interrupt sources. 
Plus, through the 


PERFORMANCE 


One reason for its amazing 


use of a Peripheral 


speed, up to 10 native 
MIPS, is a 4-stage CPU 
pipeline which can process 
four instructions simulta- 
neously. This allows 90% of 
instructions to execute in 100 ns, letting 
you complete tasks in record time. 


BB intel 80C196-16 


Event Controller, 
which ‘steals’ just 
one machine cycle 
from the CPU, it 
lets you service 
peripherals without going through a 
standard interrupt procedure. 


BIT PROCESSING 


BESIEMENS 800166 Ml Intel 80C186-16 


BW Motorola 68332 


© 1992 Siemens Components, Inc. Integrated Circuit Division. 2191 Laurelwood Road, Santa Clara, CA 95054-1514, M14A016. 


And with a full suite of development tools 
from world-class vendors, it's no wonder 
the competition can't keep up. 


The Highly-Integrated 80C517A. 
With the Siemens SAB80C517A, we've 
also brought this high-performance to 
the 8-bit microcontroller. It offers 10-bit 
A/D conversion, 32K ROM, 2.2K onboard 
RAM, and 32- and 16-bit arithmetic func- 
tions, while still retaining 8051 software 
compatibility. And it has 8 data pointers 
and 68 ports—more than any competitor. 


To find out how Siemens can help you set 
some speed records of your own, call us 
at 800-456-9229, and ask for literature 
package M14A016. 


Siemens 
World Wise, Market Smart. 
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CODEC CHIP SET DRIVES STANDARD 
ALGORITHMS FOR DESKTOP MULTIMEDIA 
AND VIDEOCONFERENCING. 


SILICON SOLUTION MERGES 
VIDEO, STILLS, AND VOICE 


MILT LEONARD 


ne of the biggest roadblocks 

to the spread of stored inter- 

active video and video-tele- 

phony technologies has been 

the lack of low-cost compres- 

sion and decompression hard- 
ware. As vital elements for transmitting and 
storing huge amounts of video, graphical, 
and audio data, compression and decompres- 
sion algorithms have been available for some 
time. But prior silicon designs for implement- 
ing these compute-intensive algorithms left 
much room for improvement in terms of 
price, pe-board area, parts count, and power 
consumption. 

The industry’s latest silicon solution to this 
dilemma is a joint development by AT&T Mi- 
croelectronics and AT&T Bell Laboratories. 
The AVP1000 video-codec chip set executes 
MPKG (Motion Picture Experts Group) and 
Px64 (called H.261 by the Consultative Com- 
mittee for International Telephony and Te- 
legraphy) compression and decompression al- 
gorithms for full-motion video. When used 
with the AT&T DSP3210 digital-signal pro- 
cessor, the chip set also performs JPEG 
(Joint Photography Experts Group) encoding 
to form the core technology for building desk- 
top PCs with stored interactive video and vid- 
eo telephony capability. This technology can 
also be applied to a variety of other interac- 
tive point-of-sale and point-of-information 
machines, such as automatic tellers, cash reg- 
isters, and kiosks. 

The chip set consists of four devices: two 
encoder options (the AVP1300E and 1400E), 
the AVP1400D decoder, and the AVP1400C 
system controller. The low-cost AVP1300E is 
a Px64 encoder that also performs MPEG I- 
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frame encoding (see “About compression al- 
gorithms,” p. 49). Greater compression ra- 
tios and picture quality are offered by the 
AVP1400E encoder, which also executes 
Px64 and full MPEG encoding (I-frame, P- 
frame, and B-frame). Both versions have ten 
major function blocks each (Fig. 1). 

On each encoder chip, the host-bus inter- 
face (HBI) synchronizes host-bus signals to 
the main input clock and ties the host system 
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POWER SUPPLY SOLUTIONS 


Bypass Design Time ¢ Proven & Complete Kits 


Maxim’s pre-engineered hardware and 
software accelerates product development. Our 
evaluation kits bypass time-consuming circuit design 
allowing you to move’ quickly from concept to 
completed hardware and software. Each kit is a 
complete functioning system, and you can lift all or a 
part of the electrical circuit, PC layout, and driver 
software right into your design. Some of the kits also 
let you evaluate key Maxim ICs from your computer, 
transferring data and commands via an RS-232 link. 


Send in the coupon or give us a call... we’d like 
to make your DC-DC and ADC designs work right the 
FIRST time. 


MAX639 Features: 

¢ Greater than 90% for lout = 
2uA to 225mA 

¢ Up to 225mA Output Current 

¢ Ultra-Low 20.A Supply Current 

¢ 8-Pin SOIC and DIP Packages 

¢ Wide Input Voltage Range: 
+5.1V to +11.5V 

* Only $2.96" - MAX639CPA 


= SUITCHINS LATOR 
foo eSV/ADJ OUTPUT 


MAX639 (SO) EV Kit Includes: 

¢# MAX639CSA Step-Down 
Converter 

¢ 100uH SMT Inductor 

¢ 0.5in* Layout on PC Board 

¢ 33uF & 100UF Tantalum 
Capacitors 

* Schottky Diode 

¢ Available in DIP 

Order: 

MAX639EVKIT-DIP $20 

MAX639EVKIT-SO $20 


World’s Smallest Power Supply For 
Portables 


MAX716 Features: 

¢ 7 Voltage Outputs 
¢ Four +5V Linear Regulators 
¢ +12V Flash EEPROM Supply 
¢ -5V to-26V LCD Contrast Supply 
¢ -5V Auxiliary Output 

¢ 83% Typ. Efficiency 

¢ 35u.A Standby Current 

¢ Backup Batttery Switchover 

¢ Low Voltage Warning 

¢ Only $9.54"- MAX716CWI 


MAX716 EV Kit Includes: 

¢ Preassembled - SMT 

# MAX716CWI 

¢@ NPN/PNP FET Switches 

¢ Inductors, Diodes, 5.6V +5% 
Zeners 

¢ Various Resistors, 
Connectors, Compensation 
Capacitors 


Order: 
MAX716EVKIT-SO $50 


Dual-Output Switch-Mode Regulator 
Delivers 3W @+15V 


MAX743 Features: MAX743 EV Kit Includes: 
@ Generates +15V @100mA or # MAX743CPA Dual-Output, 
+12V @125mA from +5V Input Switch-Mode Regulator 


¢ 82% Typ Efficiency ¢ PC Board 

¢ +4% Output Tolerances ¢ 150uF Capacitors 
¢ 0.3% Noise and Ripple ¢ Schottky Diodes 
¢ 200kHz Switching Frequency ¢ 100uH Inductors 
¢ No Transformers ¢ All Capacitors 

¢ Only $4.49'- MAX743CPE 


Order: 
MAX743EVKIT-DIP $20 


Compact Step-Up DC-DC Regulators 
Deliver 85% to 95% Efficiency 


INPUT 
2.7VT04.65 


output 


200mA 
(86% EFFICIENCY 


MAX731/752 Features: 


¢ Preset +5V Output Voltage —- MAX731 


¢ Adjustable Output Voltage: 
.7V to 15.75V — MAX752 
¢ Guaranteed Output Current: 
200mA @ 5V 


+ pe epee from Low Input Voltage: 
1.8V & Up 


¢ Logic-Controlled 6A Shutdown 
¢ 8-Pin DIP & 16-Pin SOIC 


# Only $3.20! - MAX731CPA/MAX752CPA 


MAX731/752 EV Kit Includes: 

# MAX731CPA or 
MAX752CPA Step-Up 
Converter 


* PC Board 

¢ All Capacitors 

¢ Schottky Diode 

@ 22uH or 47H Inductor 
Order 


MAX731EVKIT-DIP $20 
MAX752EVKIT-DIP $20 


Step Up From +5V to +12V @120mA For 
Flash Memory Programming 


MAX732 Features: 
¢ 200mA Load Capability 
Guaranteed 


¢ 85% to 95% Efficiency 
¢ 6uA Shutdown 


¢ Overcurrent & Soft-Start 
Protection 


# Only $2.93" - MAX732CWE 


MAX732 EV Kit Includes: 

¢# Complete 120mA Flash 
Memory Programmer 

¢# Preassembled in SMT 

¢@ MAX732CWE Step-Up 
Regulator 

* 33uF Tantalum SMT Capacitor 

¢ 5nF Capicator 

¢ 18H, 0.7A SMT Inductor 

¢ Schottky Diode 


Order: 
MAX732EVKIT-SO $20 


— 
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8- & 12-BIT A/D SOLUTIONS 


Evaluate Working Designs ¢ wP Interface and uP Included 


First 8-Channel Simultaneous ADC — 


5V Powered12-Bit ADC with T/H 


MAX155 Features: 

¢ 8-Bit, 8-Channel ADC 

¢ 8 Track and Holds (T/H) 

¢ 3.6u1s Conversion 
Time/Channel 

* +2.5V Internal Reference 

¢ Single +5V or Dual +5V Supply 
Operation 

¢ Unipolar or Bipolar Input 
Range; Mixed Inputs Possible 

* Only $10'- MAX155BCPI 


No Phase Delay! 


# MAX155 8-Bit ADC 

¢ 80C31 Microcontroller 

¢# ROM and RAM 

¢ Software with Source Code 

¢ Peripheral Circuits Include: 
+ 


: +5V, 
# MAX660: CMOS Volt. Conv. 


Order 
MAX155EVKIT-DIP $95 


¢* Supports Lowpass & Bandpass 
¢ Continuous Time Architecture 
¢ Low Noise 

¢ No Clocks Required 

¢ Only $4.95! - MAX274BCNG 


8th-Order Lowpass and Bandpass Filter 


N 


¢ PCB with Filter Circuit Layout 
¢ Full Documentation 


Order 
MAX274EVKIT-DIP $20 


MAX190 Features: 
¢ 12-Bit 7.5us ADC 


*# MAX190 12-Bit ADC 

¢ 80C31 Microcontroller 

¢ ROM & RAM 

¢ Software with Source Code 


¢ All Peripheral Circuits Include: 
Dissipation Modes @ MAX667: +5V Prog. Regulator 


¢ Digitize Both DC & AC Signals ¢ MAX699: Power-On Reset & 
# Only $10! - MAX190BCNG Watchdog Controller 


Order: 
MAX190EVKIT-DIP $95 


¢ Single +5V Supply 

¢ Serial and Parallel uP Interface 
+ Int/Ext Reference 

¢ 15mW/0.1mW Power 


MAX274 Features: MAX274 EV Kit Includes: MAX180 F S: |AX1 Vv 
¢ Supports Butterworth, Bessel, @ MAX274 Filter IC ¢ 12-Bit 8-Channel ADC ¢ MAX180 12-Bit DAS 
and Chebyshev ¢ Filter Design Software ¢ Built-In Track & Hold ¢ 80C31 Microcontroller 


¢ 100kHz Sampling Rate 

¢ Int. 25ppm/"C Reference 

¢ Unipolar or Bipolar Ch’s 

¢ Single-Ended or Diff. Inputs 
¢ Only $17! - MAX180CCPL 


¢ ROM and RAM 
¢ Software with Source Code 
¢ Peripheral Circuits Include: 
¢ MAX667: +5V Prog. Regulator 
«# MAX699: Power-On Reset & 
Watchdog Controller 


Order 
MAX180EVKIT-DIP $95 


Step-Down Converters Deliver +5V 
@ 750mA; 88% Efficiency 


INPUT 


+ Wide Input eva ot Range: 
5.2V to 11.0V - MAX73 
6.0V to 16.0V - MAX738 
4.0V to 11.0V - MAX750 
4.0V to 16.0V - MAX758 


MAX738CPA/ MAX758CPA 


¢ 100u:H Inductor 
¢ All Resistors 
Order 


MAX738/758 (DIP&SO) EV Kit 
MAX738EVKIT-DIP $20 ‘ 


Order a eet sample for 


MAX73 750 


+ 


1000-up recommended resale, excludes freight and duty 


EV KIT ORDERING INFORMATION 


KIT DESCRIPTION 


[ ~ PRICE 


+ + Name 
Title 
MAX730/738/750/758 Features: Gunioary 
¢ Up to 750mA Outputs-MAX738/758 —_— Includes: 
¢ Up to 300mA Outputs-MAX730/750 ¢# MAX738 or 758 DC-DC Address 
¢ Pre-Set +5V Outputs-MAX730/738 Step-Down Regulator 
¢ Adjustable Outputs-MAX750/758 * All Capacitors 
¢ Shottky Diode Phone 


Please send check or money order to: 


MAA! 


* MA oka CPA MAXTSBEVKITDIP. $20 
MAX7 750 ; 120 San Gabriel Drive, Sunnyvale, CA 94086 
¢ Only $3.23" - MAX758EVKIT-SO $20 (408) 737-7600, FAX (408) 737-7194 
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Luminance and chrominance data (YChCr) 
Video-input bus Frame-store DRAM interface 


Memory controller 


Uncompressed- 
data FIFO 


Host-bus 
interface 


Serial-bus 
interface 


MULTIMEDIA 
CHIP SET 


————» Testability and parameter load path 
Data path 


Quantization 
processor 


i Signal processor 


——— Control path 


Motion estimator 


Variable-length 
encoder (VLE) 


1. THE MOST COMPLEX MEMBER of the AVP1000 video-codec chip set is the 
encoder circuit. Incoming pixel luminance and chrominance data (YCbCr) over the video 
input bus is converted to 8-by-8-pixel difference blocks by the motion estimator and then 
passed to the signal processor. Here, the data is transformed to the frequency domain and 
quantized according to data supplied by the quantization processor. The quantized blocks 
then pass to the variable-length encoder and out of the chip via a three-part compressed-data 
FIFO, which absorbs picture-dependent fluctuations in the VLE’s data rate, and is output 


into the serial bus. 


to the rest of the encoder function 
blocks. Raster-scanned input lumi- 
nance and chrominance data 
(YCbCr) in a 4:1:1-bit format is held 
in a 8-kbit uncompressed-data FIFO 
buffer until it’s written into an exter- 
nal 1-Mbyte frame-store DRAM. The 
FIFO buffer can receive data 
through either the host bus or a vid- 
eo-input port. A programmable 
FIFO level register generates a host- 
interrupt signal at a predetermined 
level and provides FIFO status on 
the video-input port. 

The encoder’s motion estimator 
circuit compares current-frame ma- 
croblocks with previous-frame ma- 
croblocks (reference frames) within 
a finite search area, which is cen- 
tered on the position of the current 
macroblock. The motion estimator 
circuit then finds the reference ma- 
croblock having the closest match to 
the current macroblock. 

The encoder’s memory controller 


arbitrates access to the frame-store 
DRAM. It transfers the contents of 
the uncompressed FIFO into the 
DRAM. It then reads the appropriate 
search area from the previous frame 
and the current macroblock from the 
DRAM into the motion estimator. 
Next, it writes the motion estima- 
tor’s best-matched and reference 
macroblocks and motion vectors to 
the quantization processor. This is 
followed by writing the coded ma- 
croblock generated by the signal pro- 
cessor into DRAM. The memory con- 
troller interfaces directly with indus- 
try-standard DRAMs and automati- 
cally generates refresh cycles. 
Output frame rate and quantiza- 
tion-step size are determined by the 
quantization processor on the basis 
of best picture quality, without over- 
flowing or underflowing the video 
buffer. The processor does this by 
using an adaptive quantizer and 
buffer-control algorithm that en- 
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ables users to adjust picture quality, 
encoding delay, and output frame 
rate. A constant-quality, variable- 
bit-rate mode allows the user to set 
the quantization-step size. The quan- 
tization processor is also responsible 
for buffer management. 

The encoder’s signal processor 
consists of a controller circuit and six 
processors organized in a single-in- 
struction, multiple-data (SIMD) ar- 
chitecture. The six processors oper- 
ate in parallel on the 8-by-8-pixel 
blocks, performing such functions as 
discrete cosine transformations 
(DCTs), quantization, zig-zag scan- 
ning, inverse discrete cosine trans- 
formations (IDCTs), as well as in- 
verse quantization. 

Information produced by the sig- 
nal processor goes to the variable- 
length encoder (VLE), which gener- 
ates a compressed bit stream in com- 
pliance with the syntax require- 
ments of the MPEG and H.261 
standards. This bit stream then en- 
ters the compressed-data FIFO buff- 
er, which makes the external buffer 
DRAM operate like a 1-Mbit FIFO 
buffer, and absorbs picture-depen- 
dent fluctuations in the VLE’s out- 
put data rate. The FIFO holds the 
compressed bit stream that is read 
by the serial interface or the host. 

For higher compression ratios and 
picture quality, the most-powerful 
and compute-intensive coding tech- 
nique available is motion-estimation 
with full-exhaustive search, which is 
used by both AT&T encoders. This 
technique performs a motion search 
by evaluating each individual pixel 
within a finite search range. 

The low-cost AVP1300E encoder 
has a peak performance of 6.5 GOPS. 
the chip provides full-motion H.261 
compressed images for three resolu- 
tion formats. These formats are the 
CIF (Common Interchange Format 
of 352 pixels by 288 lines), the QCIF 
(Quarter CIF of 176 pixels by 144 
lines), and the CIF240 (825 pixels by 
240 lines), ata refresh rate of up to 30 
frames/s. The encoded bit rate is se- 
lectable from 40 kbits/s to 4 Mbits/s. 

The encoder chip performs H.261 
compression with both intracoded- 
frame (I-frame) and predictive- 
frame (P-frame) techniques. I-frame 
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YCbCr data from an input 
video bus or host-bus inter- 


coding exploits redundant 


pixels within a frame; P- DRAM interface 


frame coding produces 
higher compression ratios 
by exploiting pixel redun- 
dancies between frames. 
To support digital editing 
and high-resolution still 
images, the chip also pro- 
vides MPEG I-frame com- 
pression. Motion vectors 
for P-frames are derived 
from a full exhaustive 


Symbol processor 


Variable-length 
decoder 


Memory controller 


Color converter 
(from YCbCr to RGB) 


face, and deliver com- 
pressed output data 
through either their host 
or serial-bus interfaces. 
On-chip FIFO buffers ab- 
sorb picture-dependent 
fluctuations in the com- 
pressed data rate. The en- 
coders also use an adaptive 
quantizer/buffer control 
algorithm that enables us- 


| 3 | Lookup table 


search over a 15-pixel ad tae ers to adjust picture quali- 
motion-search range. Spa- ty, encoding delay, and 
tial resolution is user-de- Host/serial output frame rate. The en- 
finable in multiples of 16 interface coders interface directly 
bits, up to 720 pixels by 576 with external DRAM and 
lines, with downloadable oe Data path the AVP1400C system con- 
quantization matrices. —— Controlpath —Serialbus Host bus troller. 
Like the low-cost encod- 
er, the 25-GOPS 2. THE DECODER’S primary controller is the DECODING THE DATA 


AVP1400E encoder also 
performs full H.261 com- 
pression using I-frames 
and P-frames. In addition, 


The AVP1400D decoder 
accepts compressed data 
through either its parallel 
host bus or its serial bus, 
and delivers decoded ras- 
ter-scanned 24-bit RGB or 
YCbCr pixels 
through either its host bus or a dedi- 
cated pixel bus. Key features include 
on-chip color conversion, a 4-kbit 
FIFO buffer for storing compressed 
data, and direct interfaces to the sys- 


programmable symbol processor, which receives symbols and 
frequency-domain data from the variable-length decoder and 
passes this information to the signal processor, which recreates 
the original luminance and chrominance video signals. The color- 
the encoder combines mo- space converter transforms this luminance and chrominance 
tion estimation with full data to RGB format. 

exhaustive search over a As222. 
greater pixel range (32 pixels) | polative frames (B-frames). 

within a one-half-pixel accuracy. For Both encoders require 1 Mbyte of 
even greater compression ratios and | external 60-ns DRAM when config- 
better picture quality, the chip also | ured for MPEG and H.261 operation. 
supports up to two successive inter- | They also accept raster-scanned 


ABOUT COMPRESSION ALGORITHMS 


ata compression serves 
as the linchpin of stored 
interactive video and te- 
lephony by supporting 
the reduced data rates necessary 
for efficient disk storage, bus- 
bandwidth usage, and network 
transmission. It’s also by far the 
most compute-intensive of the 
tasks required for multimedia 
systems. MPEG (Motion Picture 
Experts Group) and H.261 re- 
quirements for decompression 
are explicitly defined, and decoder 
implementations from one vendor 
to the next must be consistent. 
However, compression algo- 
rithms are not clearly defined by 
the standards. Consequently, en- 
coders from various vendors 
claim to be MPEG- and H.261- 
compliant yet they can differ sub- 


stantially in several performance 
features. These features include 
compression ratio, bit rate, frame 
rate, resolution, delay, and pic- 
ture quality. I-frame MPEG en- 
coders are optimized for still 
frames and digital editing. Con- 
versely, full-function MPEG en- 
coders maximize compression ra- 
tios and picture quality by using 
motion-estimation operations 
with full exhaustive search over 
expanded search ranges, togeth- 
er with techniques involving one 
or more interpolative frames. 
H.261 encoders are optimized to 
provide good picture quality with 
minimal delay over a broad range 
of bit rates. Available devices typ- 
ically differ in maximum encoded 
bit rate, resolution, the motion-es- 
timation algorithm, or delay. A 


broad range of bit-rate capability 
(56 kbits/s to over 1.5 Mbits/s) is 
necessary to maintain good pic- 
ture quality when transmitting 
over a range of telecommunica- 
tions channels, such as Switched 
56, basic-rate ISDN, T1, primary- 
rate ISDN, and CEPT (Confer- 
ence of European Post, Tele- 
phone, and Telegraph). 

MPEG encoding provides even 
more flexibility, which results in 
even greater variations in encod- 
er quality among vendors. For ex- 
ample, MPEG doesn’t fix picture 
resolution or motion-estimation 
search range. As a result, some 
encoders support low-resolution 
images to claim full-motion video 
capability. One of the most signifi- 
cant ways MPEG encoders differ 
is in compression technology. 
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formatting and connecting audio, video, and user data to either the CHI for network 
transport, or to the host bus. All higher-level protocols, such as H.221, H.242, and MPEG 
systems-layered, are executed by the AVP1400C’s protocol engine. 


tem controller and to 1 Mbyte of ex- 
ternal 70-ns DRAM (Fig.2). 

The host/serial interface synchro- 
nizes host-bus and serial-bus signals 
to the main input clock. It also con- 
tains chip-reset logic. A variable- 
length decoder (VLD) converts the 
compressed bit stream into symbols 
according to the MPEG and H.261 
variable-length de- 
coding algorithms. 
The decoder’s prima- 
ry controller is the 
programmable-sym- 
bol processor, which 
receives symbols 
from the VLD and is- 
sues commands to 
the memory control- 
ler and signal proces- 
sor for recreating 
the original video. 

Under control of 
the symbol proces- 
sor, the signal pro- 
cessor has an SIMD 
architecture for per- 
forming arithmetic 
functions, such as 
IDCT and inverse 
quantization. Pixel 
data moves between 
the signal processor 
and external frame- 
store RAM under the 
control of the decod- 
er’s memory control- 


Long-distance 
network 


highway interface! 


ler. This controller also converts de- 
coded frames from a 4:1:1-bit format 
to a 4:2:2-bit format, and sends them 
to the color converter. The memory 
controller circuit has a glueless in- 
terface to industry-standard 
DRAMs and automatically gener- 
ates refresh cycles. 

The AVP1400C system controller 


Concentration | 
| 


ISDN/FDDI II 
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consists of a protocol engine, buff- 
ers, host-bus FIFO buffers, and 
eight data I/O pipes, for transmit- 
ting and receiving audio, video, and 
data signals (Fig. 3). The host proces- 
sor initializes and communicates 
with the APV1400C by reading from 
and writing to its configuration and 
control registers. These registers set 
and monitor system attributes, such 
as compression mode, audio type 
(G.711 or G.722 are two examples), 
and video bandwidth (for instance, 56 
kbits/s or 1.5 Mbits/s). 

The host bus is the primary input 
port for MPEG data. The H.221 data 
port is selectable between the host 
bus or the Integrated Services Digi- 
tal Network (ISDN) concentration 
highway interface (CHI). This inter- 
face is a configurable four-wire seri- 
al, time-division-multiplexed inter- 
face that provides full-duplex access 
to external communications chan- 
nels at data rates up to 4096 kbits/s. 
External SRAM is needed to store: 
the downloadable program for the 
chip’s internal RISC processor. 

The controller’s serial-bus inter- 
face connects directly to the encoder 
and decoder, and to AT&T’s DSP 16, 


DSP3210 | 
digital-signal 
processor 


Video-output bus 
buffer 


4. USED WITH THE DSP3210 digital-signal processor, the AVP 1000 video-codec chip set (dashed lines) 
comprises the core of a multimedia and videoconferencing system. Such a system can interface to a high-speed 
network such as ISDN and FDDI II. The only major external functions needed are an audio codec for connecting a 
microphone and speaker, a system frame buffer for connecting a video monitor, and a decimator for interfacing 


to a video camera. 
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WORLD’S LOWEST POWER 
HIGH SPEED COMPARATOR- 
18mW, 8ns! 


Maxim now offers you a selection of the fastest low- od. single, dual and quad TTL comparators. For example, 
the new MAX908 can deliver an 8ns response time, while drawing only 3.6mA (18mW) per comparator from a +5V sup- 
ply (enabling signals in excess of 100MHz to be processed). Although other comparators may operate from a single 
supply, the MAX900 series are the only high-speed comparators with an input voltage range that extends down to 
ground. In many applications this eliminates the negative supply, saving board space, power consumption and cost! 


* MAXIM STANDS ALONE! 
1000 

2 

= > LM311 (Single) 

D 100 — > LM319(Dual) 

i—| 

2 {> LM361 (Single) 

5ns/Div = 10 +s fs AM686 (Single) 
tl = | * . LT1016 (Single) 

@ Separate Analog and Digital Supplies Allow: a | soe cIeLe » £> s686,98 
Single +5V to +10V Analog Supply ab maxaoaDUAL >. "elev 
Split +5V for Bipolar Operation ; 10 100 1000 

¢ Input Range Includes Ground and Power Consumption/Comparator (mW typ) 

Eliminates Need for Negative Supply 


_ Select A High Speed Comparator For Your Low Power Application 


Prop Delay Power Single +5V Input Voltage 
Device #Comps (ns) Consumption Operation (Single +5V TTL Outputs Pricet 
Typ Max | (mW) | | Supply) | s | 

MAX900 4 Srey), 10; 70 | YES _-100mV to+2.5V | SingleEnded —_— $7.01 

| MAX901_|_ a 8 10 | 70 | YES _-100mV to +2.5V | Single Ended E $5.98 
| MAX902 2 SF 10 | 35 | YES _-100mV to +2.5V | Single Ended $4.01 
| MAX903 1 ere | 18 YES —--100mV to +2.5V | SingleEnded | $3.15 
| MAX912! 2 8 10_| 40 | YES --100mV to +2.5V | Complementary | $4.00 
| MAX913' 1 S|, 10. | 25 | YES | -100mV to +2.5V | Complementary | $3.13 
LT1016' 1 10 14 125 YES +1.25V to+3.5V_ | Complementary | $3.13 
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Video Buffer c on H H a 

Gain Over Temperature FREE High Speed Comparator Design Guide 

Includes: Application Notes ¢ Data Sheets # Cards For Free Samples 

To receive your design guide, simply circle the reader response number, or contact Maxim 
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DSP32, and DSP3210 digital-signal 
processors. Ten serial I/O channels 
are allocated among ten different 
functions for transporting audio, 
video, and data signals. 


SysTEM DESIGN 

AT&T says the AVP1000 video-co- 
dec chip set uses compression algo- 
rithms that surpass the minimum re- 
quirements of the standards. Full 
MPEG compliance requires not only 
compression and decompression, but 
also MPEG systems-layer multiplex- 
ing and demultiplexing for audio, 
video, and user data. Similarly, full 
H.261 compliance calls for a variety 
of framing, channel-management, 
error-correction, and other commu- 
nications functions. These include 
the H.221 transport protocol that ad- 
dresses the multiplexing, demulti- 
plexing, and framing of audio, video, 
and user data; H.230 which defines 
call setup and tear-down procedures; 
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H.242 which defines the handshak- 
ing protocol for two videoconferenc- 
ing terminals; and the means of de- 
termining frame-bandwidth alloca- 
tion between audio, video, and user 
data. 

Where most competitive solutions 
assign these functions to higher-lev- 
el software, the AVP1000 chip set 
combined with the DSP3210 digital- 
signal processor provides all of the 
functionality required for MPEG, 
H.261, JPEG, and audio (Fig. 4). In 
addition, these devices offer a num- 
ber of key system-level functions not 
included in the standards, such as 
channel management and acoustic 
echo cancellation. 

The chip set also supplies the func- 
tions needed to support teleconfer- 
encing. Once audio, video, and user 
data are encapsulated as H.221 
frames, they must be transported 
over a telecommunications network. 
Presently, the most commonly used 


links for video telephony are T1, 
fractional T1, Switched 56 (56-kbits/ 
s Accunet), and switched 384-kbits/s 
lines. Basic-rate and primary-rate 
ISDN services will be added in the 
future. The AVP1400C’s CHI bus of- 
fers a direct interface with AT&T’s 
family of communication ICs for all 
of these telecommunications links. 
Through the CHI, the controller can 
transmit and receive H.221 frames to 
and from the network’s communica- 
tions controller. 


RELIEVING OVERHEAD 

Relieving the host bus of this traf- 
fic reduces the load for the host, free- 
ing it to perform other multimedia 
tasks. It also enables the network 
clock to be recovered for synchroniz- 
ing the audio codec that provides au- 
dio data to the DSP3210. 

AT&T offers a solution to support 
network cards that provide only a 
host-bus interface without using the 
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the complete solution for 
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SMALL STH-ORDER 
LOWPASS FILTERS 
WITH NO OFFSET 


Simplify High-Order Filter Designs 
When you need high-order lowpass filters in compact miniDIP and SOIC packages, choose 
Maxim's new MAX280 or MAX281. Both achieve accurate 5th-order responses with minimal 
design time for either Butterworth or Bessel lowpass filters. Maxim's filter architecture removes 
DC offset, improving accuracy while eliminating trims in precision applications. 


: | IN TWO STEPS: 
Maximally Flat - MAX280 | 
Fast Settling - MAX281 cypicamcnencen | 

¢ Zero DC Offset RON 

i And DC offset is only a few microvolts! 

¢ Zero Insertion Loss A | 
¢@ Adjustable Corner Frequency to 20kHz = I 
¢ 100:1 Clock/Cutoff Frequency Ratio : | 
Minimizes Noise 3289 | 
¢ Internal or External Clock for rey tos yo | 
Synchronous or Asynchronous | 
Applications A 


Choose the Best Lowpass Response - Bessel or Butterworth 


The MAX281's Bessel response provides low overshoot and rapid settling for pulse and step 
input signals from weigh scales and multiplexed input sources. The MAX280 Butterworth lowpass 
offers flat frequency response for audio, telecom, and dynamic signal analysis. 
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CHI. The solution employs a phase- 
lock loop (PLL) controlled by the 
DSP8210 audio decoder. The fre- 
quency of the PLL is controlled by a 
signal from the 3210 based on the 
FIFO-buffer level. In addition, audio 
samples are dropped during periods 
of silence. But the best solution is to 
wire a direct CHI connection be- 
tween AT&T communication ICs and 
a video controller. 

Another valuable feature inte- 
grated into the AVP1000 video-codec 
chip set is the functionality common- 
ly provided by Channel Service Units 
(CSUs). These $10,000 box-level sys- 
tems combine, synchronize, and lock 
multiple incoming and outgoing 
communications channels. The 
AVP1400C system controller com- 
bines and synchronizes up to three 
switched 56-kbit/s, switched 384- 
kbit/s, and ISDN B-channel lines. 

One of the biggest challenges fac- 
ing semiconductor manufacturers is 
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how to partition their designs among 
hardware and software, to maximize 
performance and flexibility while 
minimizing cost. Some companies 
sacrifice performance for maximum 
flexibility by using a general-pur- 
pose programmable processor to 
support both proprietary algorithms 
and MPEG, H.261, and JPEG re- 
quirements. Because compute-inten- 
sive operations such as motion esti- 
mation require 20 GOPS or more of 
processing power, full-motion and 
H.261 designs typically require sev- 
eral general-purpose processors. 
Other companies use a hardwired so- 
lution to maximize performance at 
the expense of reduced flexibility, 
which is required for responding to 
changing standards. 

AT&T chose a hybrid design that 
exploits the best of these two ap- 
proaches. Compute-intensive func- 
tions, such as motion estimation and 
Huffman encoding, are fixed in the 
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standards and are unlikely to 
change. Consequently, AT&T imple- 
ments these functions in hardware. 
Programmability is reserved for 
those aspects of the algorithm that 
can be tailored to specific applica- 
tions. These include functions that 
determine frame rate, delay, bit rate, 
and resolution. Sections of the stan- 
dard that are less stable, such as 
specified by H.221 and H.242, and 
less-compute-intensive functions, 
like those specified by H.261, are im- 
plemented in on-chip, downloadable 
software because their status is 
more likely to change. 

Also better suited to a program- 
mable approach are JPEG and 
MPEG/H.261 audio standards, 
which cover a broad range of options 
and special cases. JPEG, for exam- 
ple, supports a wide range of differ- 
ent resolution, color space, and com- 
pression ratios. Similarly, MPEG 
and H.261 each support several lev- 
els of audio quality, some of which 
have yet to be standardized. 

AT&T exploits the general-pur- 
pose programmability of the 
DSP3210 digital-signal processor to 
handle such functions. The various 
audio options of the MPEG, and 
H.261 recommendations are imple- 
mented as a library of DSP8210 C- 
callable multimedia software mod- 
ules. Depending on application re- 
quirements, one or more of these 
modules are loaded, scheduled, and 
executed on the DSP3210, under the 
control of AT&T’s VCOS (Visible 
Caching Operating System).0 


PRICE AND AVAILABILITY 

The AVP1000 video codec chip set, com- 
prised of the AVP1300E encoder, the 
AVP1400D decoder, and the AVP1400C 
system controller, is available now in 
OEM quantities for $376 per set. The 
AVP1400E encoder will be available in the 
fourth quarter of 1992. All three chips are 
available in a 159-pin plastic PGA pack- 
age. 

AT&T Microelectronics Inc., 555 Union 
Blvd., Allentown, PA 18103; (800) 372- 
2447. CIRCLE 511 


CIRCLE 
525 
526 
527 


How VALUABLE? 
HIGHLY 


MODERATELY 
SLIGHTLY 


DES’ f GN 


THE ONLY 5-VOLT MEGABIT FLASH. 
NO WAITING. 


m@ The AT29COI0 has the 
easiest programming 
algorithm in town. 

It’s self timed and has 
automatic erase, so 
you dont have to erase 
before writing. 


Atmel’s 5-Volt-only, one- 
megabit Flash is available. 
Production quantities. 
No waiting. 

That's 5 Volts to read and 
5 Volts to write. No costly 
12-Volt converter or regulator 
circuits to clutter your system. 
And, there’s more: 


PERFORMANCE: 

m@ The AT29COI0 is fast—90 
nanoseconds commercial, 
120 nanoseconds military. 


HASSLE FREE: 

@ The AT29COI0 has 
one thousand 128-byte 
sectors, and each can be 
individually written or 
erased. 


So, if you like blazing access 
times, need sector write and 
want to save space, call, fax 
or write us about your appli- 
cation and we'll get you a 
sample of the Atmel 5-Volt- 
only Flash. 

No Waiting. 


AIMEL 


ATMEL CORPORATION CRSA Tel. 1-800-292-8635 
2125 O’Nel Drive Tel. (408) 441-0311 
San Jose, CA 95131 The people who make the difference. FAX (408) 436-4200 
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Heres Where Youll Find The Most 
Advanced Hybrids On Earth. 


When your application is out of this world, it makes 
sense to select the supplier that's the largest manufac- 
turer of high-reliability hybrids in the world: Raytheon. 

Our state of the art facility, certified to MIL-STD-1772, 
is dedicated to large-scale, high-reliability hybrid design, 


Raytheon currently produces over 
400,000 high-reliability hybrid 
assemblies a year, including MCMs, 
as well as MIBs (Multilayer Inter- 
connect Boards, SEM-A through E). 


does everything from layout 
and test vector generation 
to document processing and 
thermal analysis. We have 
comprehensive in-house environmental testing capabili- 
ties, including Rad-Hard design testing and analysis, and 
we design to meet OML Processes. 

Right now we produce over 400,000 hybrid assem- 
blies a year. And we have the capacity to double that 


number. In addition, Raytheon offers you important 
advantages such as access to our extensive and innova- 
tive research operations, and the experience of more 
than a quarter of a century. 

Hybrids developed, manufactured and tested by 
Raytheon have been designed into many successful space 
missions. They've also operated successfully on the ground, 
underground, underwater and inside the human body. 

We can build your hybrids to print or design them to 
satisfy your system requirements. We can handle your 
job. Now and in the future. Right here on earth, and out 
there in space. 

To learn more about our high-reliability hybrids, call 
or write for technical support and applications assistance. 
Raytheon Company, Electronic Components Division, 
465 Centre Street, Quincy, MA 02169. (617) 984-8505. 
FAX: (617) 984-4199. 
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FAST AND WIDE STATIC RAMS 


2c 
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Cypress Semiconductor Corp. 


ENHANCED SRAMS 
PROPEL SYSTEMS 
PERFORMANCE 


he dependency of 
high-performance 
computer systems on 
large primary and sec- 
ondary caches has 
pushed high-speed 
static RAMs _ into 
greater prominence in 
these systems. Al- 
though they’re not the only systems 
that place demands on static RAMs 
for shorter access times and higher 
storage capacities, CISC- and RISC- 
based microprocessor systems are 
rapidly becoming the number one 
consumers of fast static memories, 
due to their reliance on caches to hold 
key information. 
As each generation static RAM is 
El, (tC er vk: OFN If Co AD TE IS/oI 1G 
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DAVE BuRSKY 


THE VENERABLE 
STATIC RAM 
EVOLVES AS 
USERS 

DEMAND 
VERSIONS 
TUNED FOR 
NARROW 
MARKET 
SEGMENTS. 


introduced, the definition of “fast” 
seems to evolve along with the tech- 
nology. Today’s definition of fast, at 
less than 25 ns per memory access, 
wasn’t even achievable 10 years ago 
when 55 to 70 ns was considered fast. 
And for future-generation memory 
chips, that definition will fall to the 
10-to-15-ns range. 

To speed the chips, silicon design- 
ers are moving from CMOS to biC- 
MOS processes. In some cases, that 
also includes employing either ECL 
interfaces or full bipolar ECL circuit 
designs to attain the sub-10-ns ac- 
cess times required by top-perform- 
ing systems. Furthermore, chip-fea- 
ture sizes are shrinking, and with the 
smaller features come improved 
speed, higher density, and more sys- 
tems flexibility. 

Not only have the memory access 
times shortened, but the variety of 
memory types and the storage ca- 
pacities have grown considerably. 
No longer are SRAMs only available 
in 1-, 4-, and 8-bit-wide configura- 
tions, butalsoin5-, 9-, 10-, 12-, 16-, 18-, 
20-, 24-, and soon even in 32- or 36-bit- 
wide pinouts. And some of those are 
specialized versions incorporating 
such features as burst-transfer 
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24 
multiplexers 
(24 each) 


Timing and 
control logic 


Static- 
Clocked 
1-0f-128 
row decoder 


decoder 
and sense 
amplifiers 


2 i 
re (10 each) A 
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1. ALL SIGNAL-TIMING OPERATIONS are kept internal on the SY100492 self-timed static RAM developed by Synergy 


Semiconductor. An on-chip timing and control-logic block manages all internal operations once the clock and write-pulse signals are received 
by the memory. The timing block then supplies all of the correctly sequenced signals for the parity checkers, the row and column decoders, the 
output multiplexer and output register, and the serial-scan diagnostic shift register. Direct control of all internal operations minimizes signal 
skews and inaximizes chip performance—the access time is just 5 ns for the $bit-wide word. 


modes, cache-tag control logic, input 
or output registers or latches, self- 
timed write control signals, and 
more. These chips continue to widen 
the range of choices available to the 
designer to best match the 
memory subsystem to the 
system architecture. 
Memory densities for 
fast SRAMs have pro- 
gressed to the point where 
designers can choose stor- 
age capacities ranging 
from below 16 kbits/chip 
to 1 Mbit for production de- 
vices. Such devices are typ- 
ically fabricated with mini- 
mum feature sizes of be- 
tween 0.7 to 0.9 um for the 
gates—the smallest fea- 
tures currently in volume 
production by most suppli- 
ers. Furthermore, early 
samples of 4-Mbit SRAMs, 
fabricated with 0.5-um fea- 
tures, are also being re- 
leased to a few companies 
for early evaluation. Re- 
search labs, working with 
deep-sub-micron process- 


Address 
a 


es that typically have features 
around 0.35-um minimum, are trying 
to produce viable samples of 16-Mbit 
devices. 

With memory densities quadru- 


rite-pulse 
generator 


2. A SIMPLER FORM of a self-timed 9-bit-wide SRAM is 


achieved in this design by AT&T Microelectronics. A control 
register on the ATT7(341 captures the write pulse from the 
external system by sampling the write line with a clock signal. 
Once captured, the write signal is regenerated by the write-pulse 
generator and disiributed to the logic surrounding the memory 
core and the data input and output registers. 
BJELECTRONIC 
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512-by-256- 
by-9-bit 
emory array 


Column select 
and sense 


pling, memory cells are now switch- 
ing back to full CMOS structures. 
Early SRAMs were typically fabri- 
cated with six-transistor (6-T) memo- 
ry cells, employing p-channel devices 
as active load elements to 
form CMOS memory cells. 
However, as densities in- 
creased beyond 64 kbits, 
the area required for 6-T 
memory cells made chip 
sizes uneconomical. Thus, 
most static-memory de- 
signs switched to a four- 
transistor (4-T) cell that 
used high-value polysili- 
con resistors as the load el- 
ements. That 4-T cell 
shrinks the area by about 
30% over the 6-T cell, allow- 
ing the 256-kbit and 1-Mbit 
memory generations to be 
made with reasonable chip 
areas. 

As a result, although 
most SRAMs sold today 
are referred to as CMOS 
devices, the arrays of 
memory cells at the heart 
of the chips are typically 


Data 
1/0 register 
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ECL Standard Logic 
Wide range of high-speed, high-performance 
ECL logic devices. Low cost and design simplicity. 


vce 


Digital Audio 


CCD Image Sensors 
The CCD technology that led 

to Sony’ leadership in color video 
cameras is now available to you. 


SONY 
CXK58 1020SP-35 


Pe Pm 


High Speed SRAMs 
Broad family covers all your fast-processox 
cache-memory requirements. 


1-Meg SRAMs 

Largest, most diverse family in 

the industry. The first products scheduled to 
come from our new San Antonio fab. 


D/A Converters 

High speeds to 500 MHz, 

low glitch energy, and low power 
consumption in very small packages. 


your best designs out the door. 


he A/D Converters 
Sori 168% 18 models including the world’s 
fastest. Fewer pins, smaller 
packages, low power consumption, 


No glory. 


If you can’t get the parts you need, you can’t get 


Consumer-based leading-edge 
technology. Compact design. Small 
package. Capable of CD-ROM 
interface. 


Interactive Video ~ ~~ 
Sony’s A/V IC leadership 

applies directly to new multimedia 
systems. Superior bipolar linear 
technology in encoder/decoder 


ECL Gate Arrays 
Super high-speed operation combined 
with low power consumption and 
extensive I/O interfaces. 


SONY 
CXK77910J 


GaAs FETs 
State-of-the-art performance, 
reliability and uniformity. Ideal 
when low noise is critical. 


’ STRAM 
High speed performance, self-timed 
RAM with register synchronous SRAM. 


and guaranteed low error rates. 


Laser Diodes 
Wide power range, high 
reliability, huge selection, Ideal 
for optical disk, laser printer 
and microsurgery designs. 


and expedite your orders. 


With a service department to answer your questions 


And that’s where we can help. With complete families 
of semiconductors like these. The same components that 
have made Sony’s consumer electronics so successful. 

Perhaps more important, we’re always here to help. 
With a design center to help develop your applications 
through production. 


And with world-class manufacturing, including new 
facilities in San Antonio, Texas, to produce the technology 
you'll need in 1992 and beyond. 

Let Sony semiconductors bring glory to your products. 
Call us today at (714) 229-4331, FAX (714) 229-4285. 

In Canada (416) 499-1414, FAX (416) 499-8290. 


SONY 


Sony Corporation of America, Component Products Company, 10833 Valley View Street, Cypress, CA 90630. 
Sony Canada, 411 Gordon Baker Road, Willowdale, Ontario M2H 2S6. 


Sony is a registered trademark of Sony Corporation.Prices and specifications are subject to change without notice. The purchase of products is subject to availability and Sony's standard terms and conditions of sales. 
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built from just n-chan- 
nel devices, while the 
surrounding support 
logic contains full 
CMOS circuitry. How- 
ever, as densities 
grow beyond the 1- 
Mbit range, several 
factors come together 
that force designers to 
reconsider the 6-T cell. 

For starters, the in- 
dividual cell leakage 
currents allowed by 
the polysilicon resis- 
tors mount up and 
make the overall chip 
leakage current too 
large. In addition, the 
area required for even 
higher-value polysili- 
con resistors would 
exceed the current 
area required by the 
memory cell, making 
the chip too large. Fi- 
nally, the 4-T cells are 
more sensitive to al- 
pha-particle-induced 
upsets (soft errors) 
than the 6-T cells, and 
with up to 4 million or more cells on 
the chip, it’s very likely for a soft-er- 
ror to occur. 


32-kword- 
by-9-bit array 


FAST AND WIDE STATIC RAMS 


— < latch 


by. 4. bit. 
memory array 


486 burst 
counter 


3. DESIGNED SPECIFICALLY to connect directly to the Intel 
80486 microprocessor is this Cypress CY7B173 burst SRAM. A special 2-bit 
burst counter and a small localized bus controller embedded in the SRAM 
eliminate the need to incorporate control logic in the cache controller. 

The counter cycles the memory array to retrieve four memory words in the 
out-of-order sequence required by the 80486. A similar version is available 
for linear address bursts, as required by the Motorola 68040. 


Thus, memory designers are mov- 
ing back to a 6-T cell, but with a dif- 
ference. Rather than fabricate the p- 


Processor data parity Processor 
Output Enable 


4. TWO DATA PORTS on the forthcoming Motorola MCM62110 cache RAM enable 
the chip to isolate the local processor bus from the main system memory bus. As a result, 
bus loading is reduced on the local bus and CPU speed is improved. On-chip parity checking 
logic also ensures the integrity of data moving over the chip’s internal data bus. 
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channel devices in the sili- 
con, the manufacturers 
are using thin-film tran- 
sistors (TFTs) fabricated 
in polysilicon layers 
above the substrate. By 
fabricating the p-channel 
devices above the sub- 
strate, they don’t add to 
the area consumed by the 
cell. However, they still 
provide the multi-gi- 
gaohm resistances re- 
quired to keep the per- 
cell leakage current to 
just a few picoamperes. 

The penalty faced by 
the SRAM makers, 
though, is a much more 
difficult fabrication pro- 
cess. To form the TFTs, 
three to five additional 
processing steps are re- 
quired. The steps include 
the use of two or three po- 
lysilicon layers plus the 
two layers already used 
in most SRAM manufac- 
turing. Those extra pro- 
cessing steps will initially 
keep the price of the 4- 
Mbit and 16-Mbit devices very high. 

Today’s 33-MHz, 32-bit CPUs can 
employ SRAMs with access times of 
20 to 25 ns. However, as CPU clock 
speeds increase to 50 MHz, SRAM 
access times must shrink still fur- 
ther—to between 10 and 15 ns—to 
keep pace with the fast processors. 
And cache sizes are also increasing 
in most new systems. Early 16- and 
32-kbyte caches are giving way to 
cache sizes of 64 to 256 kbytes on cur- 
rent-generation systems. In some 
high-end systems, 1-Mbyte caches 
are already in use. 

As access times shorten, system 
designers face the problem of con- 
trolling the duration of the write sig- 
nal to the SRAM. To make the SRAM 
more responsive to the signal and 
simplify the designer’s system im- 
plementation task, several SRAM 
manufacturers created the self- 
timed RAM (STRAM). This special 
memory contains all of the timing 
and control logic to perform the 
write operation, as long as the input 
signal to the write-control pin has a 
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Now the performance you 
want in an LCR meter is 
easy to afford. 


Who says you can’t get what you 
want in an affordable LCR meter? 
At astarting price of only $3,800*, 
the HP 4263A LCR Meter gives you 
the performance you need—and 
the flexibility you want. 


Select from 11 impedance para- 
meters. Add optional transformer 
measurement functions. Choose 
from over 15 HP test fixtures and 
accessories. And automate testing 
with built-in HP-IB and handler 
interfaces. 

Not only is the HP 4263A flexible, 
it also gives you up to 0.1% basic 
accuracy. With contact check and 
error correction and speeds as fast 
as 25 ms per test point. 


BD For more information or 
same day shipment from HP 
DIRECT, call 1-800-452-4844}. 
Ask for Ext. T523, and we'll send 
you a data sheet. (Also ask about 


the HP 4338A Milliohm Meter and 
HP 4339A High mo 
Resistance Meter.) min x =} 


HP 4263A LCR Meter 


Impedance Z1,R,X,'Y |,G,B,C,L,D,Q, 6 
parameters 


tums ratio, mutual 


100 Hz ,120 Hz,1 kHz, 
10 kHz,100 kHz 


HP-IB(IEEE-488)and 
handler 


Basicaccuracy 0.1% 


There is a better way. 


G HEWLETT 


PACKARD 
* US. list price. 


¥ In Canada call 1-800-387-3867, Dept. 443. 
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minimum acceptable duration (to en- 
sure that the signal isn’t just a tran- 
sient on the line). 

The fastest self-timed chip, with 
an access time of just 5 ns, is an 18- 
kbit (including a parity bit) bipolar 
ECL memory developed by Synergy 
Semiconductor (Fig. 1). The 2-kword- 
by-9-bit memory includes input and 
output registers that make it easier 
for the chip to be incorporated into 
various pipelined architectures. 

The chip’s self-timed approach 
minimizes the impact of timing 
skews on the memory array’s cycle 
time. All input signals are held in 
registers on the chip at the transition 
of the memory clock signal. By regis- 
tering all inputs and keeping the set- 
up and hold times to less than 2 ns, 
skew problems are minimized, mak- 
ing very short cycle times practical. 
Output registers hold the output 
data valid for an extended portion of 
the cycle, easing system read-timing 
requirements. 

One feature available 
on the STRAM is the 
hidden write cycle. With 
that hidden cycle, the 
STRAM can operate at 
twice the bandwidth of 
the data output bus. 
The hidden-write cycle 
is a scheme that inter- 
leaves the read and 
write cycles in such a 
way that the write-cycle 
timing has no effect on 
the data output bus 
(read timing). To imple- 
ment this capability, 
some subtle changes 
must be made on how 
the Chip Select and 
Write Enable pins are 
controlled, in compari- 
son to the scheme used 
on standard SRAMs. 

Both AT&T and Sony 
offer megabit-density 
CMOS STRAMs, orga- 
nized as 128 kwords by 9 
bits, with 20-ns cycle 
times and 10-ns clock-to- 
access times (Sony also 
has a slightly faster 
16.6-ns-cycle-time ver- 
sion). Like the ECL 
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chip, they pack self-timed write- 
pulse generation. Register inputs on 
the chips for all input signals (ad- 
dresses, data, Write Enable, Chip 
Enable, and Output Enable) are posi- 
tive-edge-triggered, as is the output 
register (Fig. 2). 

Similar self-timed operation is em- 
bedded into several cache memory 
chips as well. For instance, Cypress 
Semiconductor offers several ver- 
sions of a 32-kword-by-9-bit single- 
port cache RAM. Motorola is close to 
releasing a two-ported 32-k-by-9 
cache RAM that adds to its current 
family of 32-k-by-9 CMOS RAMs of- 
fered for Sparc, 68040, 80486, and 
other processors. The Cypress 
CYB7B173/174 are biCMOS 32-k-by- 
9 memories that can be accessed in 
just 14 ns (clock to output). The 
7B173 is optimized for use with Intel 
i486-based systems and includes a 
two-bit wraparound counter that 
supports the 80486’s nonlinear burst 
sequence (Fig. 3). The 7B174 sup- 


32 kwords 
by 16 bits 


He 


5. AN 18-BIT BUS that carries a 16-bit tag and Valid and Dirty flag 
bits is included on the Cypress CY7B181, one of the widest cache-tag 
memories available. On-chip comparators and match logic can perform an 
address match in just 12 ns. A separate dedicated I/0 data port allows the 
tag and data fields to be loaded separately. 
aE LECTRONIC 
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ports a linear burst sequence. 

Two address strobe signals can be 
sent to the chips, one generated by 
the processor and one by the cache 
controller, allowing either block to 
control the memory. By simply send- 
ing an “advance” strobe signal to the 
memory chip, the host system se- 
quences the burst-address counter 
through its four addresses to supply 
the four words needed by the CPU’s 
internal cache. 

By adding a second I/O data path 
to its 32-k-by-9 synchronous self- 
timed write SRAM, Motorola was 
able to squeeze the chip’s access 
times to as little as 15 ns (17- and 20- 
ns versions are available as well). 
The dual 9-bit ports on the forthcom- 
ing MCM62110 aren’t set up the 
same way as in a dual-port memory. 
Instead, they both tie into the same 
internal data bus and can read or 
write the same 9-bit words to two ex- 
ternal buses (Fig. 4). 

The dual sets of data-input regis- 
ters and data-output 
latches allow users to 
isolate the processor 
bus from the system 
bus (the memory bus). 
That reduces the capaci- 
tive loading on the pro- 
cessor’s local bus and 
thereby improves sys- 
tem operating speed, 
trims the chip count and 
board space, and also 
cuts system cost. A by- 
pass data path enables 
data that’s written to 
the input register to 
skirt around the memo- 
ry array and be written 
directly into the output 
data latches. Conse- 
quently, the system can 
directly write to the pro- 
cessor (or vice versa) 
for the case of time-crit- 
ical operations. 

In addition to the by- 
pass feature, the 62110 
allows data to be 
streamed between the 
system and processor 
ports in either direction. 
The streaming is done 
by first latching data 
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1, 2, & 4-Megabit 
CMOS SRAMs 


These White Technology CMOS 
SRAMs are housed in a standard 32-pin 
hermetically sealed DIP with JEDEC 
pinouts. Each of the 512Kx8, 256Kx8, 
and 128Kx8 devices is available with 
one of eight different access times from 
25ns to 120ns, and Military, Industrial, 
and Commercial temperature ranges. 


@ 25ns to 120ns 

@ 512Kx8, 256Kx8, 128Kx8 

@ Low Power 

@ 32-pin DIP 

e JEDEC Pinouts 

e Military, Industrial, and Commercial 
Temperatures 

e Military Screening Available 

@ Certified to MIL-STD-1772 


Contact White Technology, Inc., 
4246 E. Wood St., Phoenix, AZ 85040. 
Tel: 602-437-1520, Fax: 602-437-9120. 
Cirlce 202 for U.S. Response 
Circle 222 for Response Outside U.S. 


Megabit 
Flash PROMs 


White Technology’s WF-1024K8 is an 
8-Megabit (1024Kx8) Flash PROM ina 
0.900” wide 34-pin DIP It’s one of the 
most compact packages containing that 
much non-volatile memory. Also in 
design is a high density 128-Megabit 
Flash PROM. 


@ Flash Chip Erase 

* 1 Second Page Erase 

* 8 Pages Total 
e Fast Programming 

* 10us Typical Byte 

* 2 Seconds/Page 
e 10K Erase/Program Cycles, Min. 
@ 200ns Access Time, Max. 
e 70mA Active Current, Max. 
e Military & Industrial Temp. 
e Military Screening Available 
@ Certified to MIL-STD-1772 


Contact White Technology, Inc., 
4246 E. Wood St., Phoenix, AZ 85040. 
Tel: 602-437-1520. Fax: 602-437-9120 
Cirlce 203 for U.S. Response 
Circle 223 for Response Outside U.S. 


512K x8 
w EEPROM 


1, 2, & 4-Megabit 
CMOS EEPROMs 


Featuring 1, 2, and 4-Megabit capacities, 
these White Technology 5 Volt CMOS 
EEPROM devices are housed in a 32- 
pin hermetically-sealed ceramic DIP 
with JEDEC pinouts. Inputs and outputs 
are CMOS and TTL compatible. 


@ 512Kx8, 256Kx8, 128Kx8 

e 150ns Read Access Time 

e Low Power CMOS Operation 90mA 
Operating/5.0mA Standby, Max. 

e Ten year Data Retention 

e Automatic Page Write Operation 

e 6.0ms Page Write Cycle Time 

e Data Polling For End of Write 
Detection 

e Hardware and Software Data 
Protection 

e Military & Industrial Temp. 

@ Military Screening Available 

@ Certified to MIL-STD-1772 

Contact White Technology, Inc., 

4246 E. Wood St., Phoenix, AZ 85040. 


Tel: 602-437-1520. Fax: 602-437-9120 
Cirlce 204 for U.S. Response 


Circle 224 for Response Outside U.S. 


MULTICHIP MODULES 


Compact, Lightweight, and Reliable 


Something for everyone! 
We can make your designs and your 


sive multichip megabit memory 


@ Compact, lightweight, reliable 
designs. 


e Customer specified memory modules 


based on system requirements. 
@ Help to define your application spe- 


imagination happen. Whether it’s a few 
megabits of SRAM or EEPROM, mas- 


modules, or microcontrollers based on 


satisfy your circuit or system level 
needs. 

e Standard modules of SRAM, 
EEPROM, and Flash PROM, as well 
as standard microcontroller modules. 


standards like the 80C31, the MC68020, =e MIL-STD-1772 Certification. 

or the i486™ we can help. Especially @ Screening and burn in to Military 
when reduced weight and space, and standards. 

high reliability are important to your 

applications. Give us a call. We have all ~~ 

the tools you need. ty 

We offer: 


~ 
es 
~ 


Write or call for our new Module Product 
Guide 
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from one port and asynchronously 
controlling the output enable of the 
other port. The RAM can also be 
written to while data is streaming 
through the ports. During every 
read cycle, the chip performs odd- 
parity checking. 

The dual ports also enable the chip 
to function as a memory chip that 
has separate input and output buses. 
That allows data to be set up during 
the same cycle as a read operation, 
avoiding the loss of a cycle solely for 
reading the memory contents. Al- 
though initially conceived as the sec- 
ondary-cache data-memory chip to 
support the cache controller for the 
forthcoming 88110 RISC processor, 
the 62110 can be used with almost 
any other processor—the Mips Corp. 
R4000, the Spare family, the Intel 
80486, and, of course, Motorola’s 
own MC68040. 

Motorola, which is planning to of- 
fer both 16- and 18-bit versions of a 


64-kword-deep cache data RAM, is 
putting the finishing touches on its 1- 
Mbit MCM6299x series. Included in 
the series are three biCMOS chips 
that can access data in just 12 ns. The 
synchronous 62990 (with input regis- 
ters and output data latches), and the 
asynchronous 995 and 996 (with in- 
put latches) are all offshoots of the 
same chip. They contain separately- 
bused I/O buffers that permit the 
chip data buses to tie into 3.3-V sys- 
tem buses, while the rest of the chip 
runs from a 5-V power supply. With 
just two chips, a 256-kbyte secondary 
cache for the 80486 microprocessor 
can be implemented. 

Latched cache RAMs are also 
readily available from such compa- 
nies as Austek, Intel, Sony, and sev- 
eral others that sell secondary cache 
components into the personal-com- 
puter market to mate with chips like 
Intel’s 82385 cache controller. Typi- 
cal of such chips is the Sony 


CXK7701J, which is organized as ei- 
ther an 8-kword-by-16-bit memory or 
a 4-kword-by-16-bit by 2-way set-as- 
sociative memory. The shortest stan- 
dard access time for the chip runs 30 
ns, but a special fast-output-enable 
mode trims the access time to just 10 
ns. Intel has also created several 
high-integration cache subsystems 
that not only incorporate the cache 
control logic, but the cache memory 
as well. By closely integrating the 
cache and the controller, Intel de- 
signers can get system-level perfor- 
mance equivalent to large caches (64 
kbytes) from relatively small caches 
(16 kbytes). 

Several other companies have a 
number of wide-word data SRAMs 
as well. Cypress Semiconductor, for 
example, has a CMOS 16-k-by-16 chip 
called the CY7C157A, which can be 
accessed in just 18 ns. The memory, 
optimized for use with RISC proces- 
sors like the Spare, includes data-in- 
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put and data-output latches as well 
as the self-timed write to minimize 
the effect of signal skews. Internal- 
ly, the RAM is organized as two 
banks of 16 kbytes, each with their 
own self-timed control block. The 
chip is now alternate-sourced by sev- 
eral companies—Integrated Device 
Technology is probably the most 
widely acknowledged alternate sup- 
plier. Both AT&T Microelectronics 
and Micron Technology also expect 
to produce similar chips sometime 
later this year. 

Micron plans to have both 16-bit- 
wide (the 58C1616) and 18-bit-wide 
(the 1618) versions of the synchro- 
nous 16-kword memories. Initial 
speed grades will include 15-, 17-, 20-, 
and 25-ns versions. By the end of the 
year, the company also expects to 
have a 18-ns version. For portable 
systems, the company intends to of- 
fer 3.3-V versions of the same memo- 
ries. The chips will come in 20- or 35- 
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ns grades and consume just 100 mA 
maximum, and just3 mA on standby. 
In addition, latched (asynchronous) 
versions of the same chips will come 
in 16-k-by-16 and -by-18 organiza- 
tions (the MT5C2516 and 2818, re- 
spectively). The chips will have the 
same speed grades and will also be 
available later this year in 3.3-V-sup- 
ply options. 

Latched and registered versions 
of 16- or 18-bit-wide megabit SRAMs 
are available from a number of com- 
panies—Electronic Designs, Inte- 
grated Device Technology, and sev- 
eral others. The shared I/O bus ver- 
sions are typically housed in 52-lead 
PLCCs; a few suppliers are also look- 
ing at PQFP-housed versions. One 
typical offering is the LH21028 from 
Sharp, a 64-k-by-18-bit chip with ac- 
cess times as short at 20 ns. Trans- 
parent address latches on the ad- 
dress bus reduce bus loading and im- 
prove system performance. When 


timing recovery untt. 


CIRCLE 86 FOR U.S. RESPONSE 


(uw) 


That’s AT&T “Customerizing? 


AT&T's TRU050 timing recovery unit minimizes 
design time as it enhances reliability. It puts the 
functions of a phase detector, op amp, VCXO, and 
divider on a single CMOS chip. Its crystal stabi- 
lized, phase-locked loop design ee 
extracts the signal from a digital data | gi 
stream, then regenerates the data. ) 
Pre-set to meet loop specs 
The TRU050 consists of a CMOS chip 
and quartz resonator in a 16-pin, Se 
ceramic, dual in-line package. The KGiEsS is com- 
pletely pre-tested, with crystal frequency 
and divide factor (up to 256) factory-set to meet 
your specifications. This, coupled with 
user-selectable loop dynamics, lets you just 
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drop in the unit and power it up! 

Functional performance assured 
The TRU0SO offers superior signal regeneration 
and synchronization as well as extremely low jitter. 
=q_ Its minimal number of parts, pre- 
| tested in modular form, gives you a 
high quality, highly reliable device. 
That's what we call “Customerizing.” 

Complete product line 

—} For more about our complete line of 
frequency control products, including timing 
recovery units, voltage-controlled crystal oscilla- 
tors, custom clock oscillators, and saw filters in a 
wide variety of packaging options, call AT&T 
Microelectronics at 1 800 372-2447, ext. 901. 


the latches are used, they allow the 
SRAM to hold the internal address 
constant while permitting the exter- 
nal address to change in preparation 
for the next access, thus speeding up 
the system. Although the chip is de- 
signed for operation at 5 V, it has a 
low-voltage (2-V) data-retention 
mode that permits battery backup 
for short duration power failures. 
At the megabit level, Micron also 
expects to release both synchronous 
and asynchronous versions 
(MT58C1289 and 1189, respectively) 
of its 128-kword-by-9-bit SRAM in 
16.6- and 20-ns speed grades. These 
chips were designed to initially sup- 
port large caches for Sparc-based 
systems, and consume about 800 
mW when accessed every 20 ns. On 
standby, the power drops to 300 mW. 
A specialized cache-memory chip, 
the MS443 from Mosel, employs a 
dual-port architecture and contains 
special data-path registers that hold 
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Making the interface transparent 
to sub-nanosecond rise times. 


THISISAMPTODAY Sala 


Stripline high-performance connectors. 


‘Fast silicon’ (rise times ns) requires 
strict impedance control. Conventional 
connectors give up half their pin count 
for this —a sacrifice you can do without. 
Our modular, scalable Stripline 
100 connector system can accom- 
modate edge rates of 250 ps (500 ps 
at <3% crosstalk), and still give you 
40 signal lines per inch — all four rows 
ona.1'x.1" grid. Reference planes 
isolate individual signal columns 
within the standard grid geometry, 
creating an interface completely trans- 
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parent to high-speed logic. 

Stripline 100 connectors deliver 
more than raw speed, too. Each 
reference plane can distribute three 
amps, and sequenced mating is 
available for ground, power, and 
two signal levels. 

Manufacturing is easier as well. 
ACTION PIN compliant posts (for 
existing 0.040" pcb holes) simplify 
backplane assembly, and all materials 
are compatible with high-temp reflow 
processing. 
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In fact, sub-nanosecond logic just 
got easier all around, and there’s an 
easy way to ‘bring yourself up to speed’ 
on this exciting technology: call 
our Product Information Center 
at 1-800-522-6752 (fax 717-986-7575). 
AMP Incorporated, Harrisburg, PA 
17105-3608. In Canada call 416-475-6222. 
For design assistance in characterized 
backplane assemblies, contact AMP 
Packaging Systems, 512-244-5100. 
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hit and miss address- 
es, and read and write 
registers that hold 
data (ELECTRONIC DE- 
SIGN, Apr. 25, 1991, p. 
115). The RAM has 
two banks of memory 
cells, each organized 
as four planes, with 
each plane retaining 2- 
kwords-by-9-bits. That 
gives the chip a total 
capacity of 144 kbits, 
including parity bits. 
Data can be loaded or 
read with standard ad- 
dress-access modes. 
Wher trying to quick- 
ly transfer data dur- 
ing a cache update, the 
memories can _ be 
switched to their “tur- 
bo” mode, which al- 
lows burst data trans- 
fers at up to 256 
Mbytes/s. 

The SRAM contains 
an internal 32-bit data 
bus, so four RAM 
chips can be cascaded 
to form a 64-kbyte 
cache with a 128-bit 
line width. The cache 
SRAM can simulta- 
neously latch up to 16 
bytes in a single clock. 
On-chip data-path registers channel 
data into, out of, and around the 
memory array in single-clock incre- 
ments. Beyond serving as a cache, 
the chip has a bypass mode that en- 
ables fast data to stream directly be- 
tween the system port and the CPU 
port of the MS448, while imposing 
only a 5-ns delay on the data. That 
mode is particularly useful when a 
Read-Miss occurs. Furthermore, 
with the memory chip’s internal pipe- 
line, self-timed write operations can 
be implemented to make the most of 
available timing overlaps. 


Wine Bus 

The static RAM with the widest 
data bus has just been released by a 
newcomer to the SRAM market, Sili- 
con Design Technology. The chip, 
which was jointly designed by SDT 
and Electronic Designs Inc., will also 
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6. THE ONLY 32-BIT-WIDE static RAM, a 32-kword-by-32-bit 
chip developed by Silicon Design Technology and Electronic Designs, is 
structured as two 16-bit-wide memory banks controlled by byte-decoding 
logic that permits byte-write operations. Transparent address latches 
allow the chip to readily tie into most 32-bit processors and serve as a 
single-chip data-cache solution. 


be sold by EDI. The asynchronous 1- 
Mbit device is organized as 32 
kwords by 82 bits and will be avail- 
able in access times ranging from as 
little as 12 ns to 20 ns for the slowest 
grade. It’s designed for either 5- or 3- 
V operation, and includes input ad- 
dress latches as well as individual 
byte-select lines that function in ei- 
ther the read or write mode (Fig. 5). 
In addition, SDT plans to offer botha 
36-bit-wide version for systems that 
reqire parity, and narrower-word 
memories—all the way down to sin- 
gle-bit wide architectures. 

The cache-data SRAMs support 
the cache-tag memories. The tag 
RAMs must be exceptionally fast be- 
cause their access time is the major 
component in determining the speed 
of an address match in the cache. The 
most highly integrated cache-tag 
memory is the just-released 
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CY7B180 and 181 from 
Cypress Semiconduc- 
tor. Organized as 4 
kwords by 18 bits, the 
biCMOS memories 
can perform an ad- 
dress match in just 12 
ns, or access the tag 
RAM in 15 ns (see 
“Highly integrated 
cache-tag RAMs per- 
form matches in 12 
ns,” p. 114). 

Unlike most other 
cache-tag memories 
that contain just the 
address comparators 
and provide a “match” 
output, the 18-bit-wide 
organization offers 16 
tag bits plus two addi- 
tional bits. These bits 
can be user-defined (as 
in the 7B180) to handle 
the MESI (modified, 
exclusive, shared, in- 
valid) protocol in mul- 
tiprocessor configura- 
tions. Or they come 
preassigned (as is the 
case in the 7B181) as 
the Valid and Dirty 
bits for use in uni- 
processor cache con- 
figurations (Fig. 6). 

An even wider 20-bit 
cache-tag chip, the MK4202 devel- 
oped by SGS-Thomson, comes in 
speed grades of 20, 22, and 25 ns 
(match access time), which would 
suit the chip to some of the same sys- 
tems as the Cypress chips. The 20- 
bit-wide offering, though, is only 
half as deep, with a depth of just 2 
kwords. The chip does, however, of- 
fer a flash-clear capability that per- 
mits the memory’s entire contents to 
be invalidated in one cycle. The chip 
can be tied directly into processors 
like the Motorola 68030 and 040, as 
well as CPUs like the Intel 80386. 

Another biCMOS cache-tag RAM 
comes from Texas Instruments. A]l- 
though they’re not wide-word memo- 
ries (9 bits or wider), they’re worthy 
of note because some of them em- 
ploy a 5-bit-wide architecture. The 
company just released a series of 
five devices that all offer address-to- 
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UTMC's next-generation SUMMIT uses the 

power of a RISC processor to create an 

intelligent 1553 Bus Controller, Remote 

Terminal and Monitor — on a single chip. ° 

This unsurpassed level of intelligence and 

integration results in: 

¢ Autonomous Operation 

¢ High Reliability 

¢ Simplicity of Design 

¢ Simultaneous remote 
terminal/monitor operation 


United 
Technologies 
Microelectronics 
Center 


Wy 


Remote Terminal 
Concurrent RT/MT 


Bus Controller 
Monitor Terminal 


MIL-STD-1553 


The SUMMIT is easy to program, 
compatible with MIL-STD-1553, and 
packs more functionality into less space. 
Reach the SUMMIT and call today for 
your FREE Design Package. 


1-800-MIL-UTMC 


1575 Garden of the Gods Rd. 
Colorado Springs, CO 80907 
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match times of 12 ns, which suits | tem-pole or open-drain outputs. One 
them for systems running at up to 50 | of the previously mentioned -by-5 
MHz. Self-timed writes and word | open-drain RAMs includes latches 
widths of 4 or 5 bits let these chips | (the three chips are the 2163, 64, and 
serve as building blocks for custom- | 66, respectively).D 
configured caches. Two of the chips 
are 2-way, 8-kword-by-4-bit open- How VALUABLE? CIRCLE 
drain devices with or without latches HIGHLY : 560 
(the SN74BCT2160 and 2165, respec- MODERATELY 561 


Our list can help you do the 
other things you have on your 
list. Such as buy a car... 
estimate social security. . . 
start the diet. . . check out 
investments. . . 

Our list is the Consumer Infor- 
mation Catalog. \t’s free and lists 
more than 200 free and low-cost 
government booklets on employ- 
ment, health, safety, nutrition, 
housing, Federal benefits, and 
lots of ways you can save money. 

So to shorten your list, send 
for the free Consumer 
Information Catalog. It’s the thing 
to do. 

Just send us your name and 
address. Write: 


Consumer 

Information Center 
Department LL 
Pueblo, Colorado 81009 


A public service 

of this publication 
and the Consumer 
Information Center 


cy of the U.S. General 
BOA Services Administration 


tively). The three others are 16- 
kword-by-5-bit devices that have to- 
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Aspen Semiconductor Inc. Mitsubishi Electronics 

San Jose, Calif. America Inc. 

(408) 943-2600 Sunnyvale, Calif. 

CIRCLE 571 (408) 730-5900 
CIRCLE 582 

AT&T Microelectronics Inc. 


Berkeley Heights, N.J. Mosaic Semiconductor Inc. 


(908) 771-2788 San Diego, Calif. 
CIRCLE 572 (619) 271-4565 
CIRCLE 583 
Austek Inc. 
Santa Clara, Calif. Mosel Corp. 
(408) 988-8556 Sunnyvale, Calif. 
CIRCLE 573 (408) 733-4556 
CIRCLE 584 
Cypress Semiconductor 
Corp. Motorola Inc. 
San Jose, Calif. Austin, Texas 
(408) 943-2600 (512) 928-6705 
CIRCLE 574 CIRCLE 585 


Electronic Designs Inc. NEC Electronics 
Hopkinton, Mass. America Inc. 
(508) 435-2341 Mountain View, Calif. 
CIRCLE 575 (415) 960-6000 
CIRCLE 586 
Fujitsu Microelectronics 
Inc. Oki Semiconductor Corp. 
San Jose, Calif. Sunnyvale, Calif. 
(408) 922-9000 (408) 720-1900 
CIRCLE 576 CIRCLE 587 


Hitachi Corp. Paradigm Technology 
Brisbane, Calif. San Jose, Calif. 

(415) 589-8300 (408) 954-0500 
CIRCLE 577 CIRCLE 588 


Integrated Device Performance 
Technology Inc. Semiconductor Corp. 

Santa Clara, Calif. Sunnyvale, Calif. 

(408) 727-6116 (408) 734-9000 

CIRCLE 578 CIRCLE 589 


Intel Corp. Quality Semiconductor Inc. 
Santa Clara, Calif. Santa Clara, Calif. 

(408) 987-8080 (408) 450-8060 

CIRCLE 579 CIRCLE 590 


Matsushita Electric Corp. Samsung Semiconductor 
(Panasonic) Inc. 

Secaucus, N.J. San Jose, Calif. 

(201) 348-5216 (408) 434-5400 
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Micron Technology Inc. SGS-Thomson 

Boise, Idaho Microelectronics Inc. 

(208) 368-4000 Phoenix, Ariz. 

CIRCLE 581 (602) 867-6100 
CIRCLE 592 
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Sharp Electronics Corp. 
Camas, Wash. 

(206) 834-2500 
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Siemens Components Inc. 
Santa Clara, Calif. 

(408) 980-4500 
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Silicon Connections Corp. 
San Diego, Calif. 

(619) 674-1050 
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Silicon Design 
Technology Inc. 
Newark, Calif. 
(510) 651-9343 
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Sony Corp. of America 
Cypress, Calif. 

(714) 229-4442 
CIRCLE 597 


Synergy Semiconductor 
Corp. 

Santa Clara, Calif. 

(408) 730-1313 
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Texas Instruments Inc. 
Dallas, Texas 

(214) 995-6611 

CIRCLE 599 


Toshiba Corp. 
Irvine, Calif. 
(714) 455-2000 
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WaferScale Integration Inc. 
Fremont, Calif. 

(510) 656-5400 
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This list is only a guide, 
it is not a definitive listing. 
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Save 20% on 
a package of 
chips with 
this coupon. 


Cut costs on interconnect packaging i 


for multichip modules. Get better per- 
formance too. 

Send in the coupon and learn why 
modules cost 20% less with polymer 
dielectrics made of benzocyclobutene 
(BCB). Find out about Dow’s new 
BCB resin. 

BCB typically planarizes in one pass. 
It resists moisture pickup. Retains di- 
electric properties better. Cures over 
50 times faster. Great compatibility 
with copper, and it performs up to 50% 
better than polyimides. 

Call 1-800-441-4DOW. Or send in the 


coupon. BCB goes great with chips. 


Dow Plastics 
We don't succeed unless you do. 


cos 


Save 20% on interconnect packaging 
with BCB resin, new from Dow. 


Send me a brochure about BCB 
and how I can save while boosting recipe 


performance. Po success. 
Call me. I make multichip modules. 


Show how much I can save on production 
with BCB. 


Name 


Company/Title 


Address 


City/State/Zip 


Phone 


Send to: Dow Plastics, Customer Information Center, P.O. Box 1206, Midland, Michigan 48641-1206 
1428 
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SINGLE MONITOR 


| ROCESSORS OPTIMIZED 
ga OFT WINDOWS, 


Tools Script Window Help 


BEF? File Edit 


indow Function... 
Preprocessing 


= CO Center Selection 
Window Function... 


Cursor Mode * (10) 


“The DT3851 Series combines our most flex- 
ible frame grabber with 1134020 graphics 
for a superior single monitor solution.” 

—Fred Molinari, President 


Single Monitor 
¢ Display multiple images anywhere 
on the screen Pixel Calibrated 
¢ Live video window Distance 
Flexible Image Acquisition ergs: 
* Accepts a variety of input signals: Cia 
RS-170, CCIR 
Slow scan ipl 
High resolution 1K x 1K (Ce) as 
Asynchronous File Manager: Microsoft Excel Program Manager 


¢ Precision image acquisition 


Multiple flicker-free display resolutions 
up to 1024 x 768 


1134020 Processor 
e Accelerates Windows graphics and 
image processing 


Up to 8 Mbytes General Purpose Memory 


¢ Store sequences of images 


Extensive Windows Software 
e FREE Dynamic Link Library 
¢ Other libraries and applications available 


DT3851 


Single or Dual Monitor v 


v 


Input Resolution To 1024 x 512 


To 1024 x 1024 


Display Resolution (non-interlaced) To 768 x 512 To 1024 x 768 
Variable Scan Input 0-18MHz 0-18 MHz 
Precision Input™ Gain & Offset v v 
DT-Connect™ v v 
General Purpose Memory Up to 8 Mbytes Up to 8 Mbytes 


(508) 481-3700 “== re : 


In Canada, call (800)268-0427 THE LEADER IN DATA ACQUISITION AND IMAGE PROCESSING 


DATA TRANSLATION 


Quantity Pricing Available 
FAST 5 Day Delivery 


Call for FREE Catalog 


World Headquarters: Data Translation, Inc., 100 Locke Drive, Marlboro, MA 01752-1192 USA, (508) 481-3700, FAX (508) 481-8620, Tix 951646 

United Kingdom Headquarters: Data translation Ltd., The Mulberry Business Park, Wokingham, Berkshire RG11 2QJ, U.K., (734) 793838, FAX (734) 776670, Tix 94011914 

Germany Headquarters: Data Translation, GmbH, Im Weilerlen 10, 7120 Beitigheim-Bissingen, Germany, 7142-54025, FAX 7142-64042 

International Sales Offices: Australia (2) 699-8300; Belgium (2) 466-8199; Brazil (11) 240-0598; Canada (416) 625-1907; Denmark 42 274511; Finland (0) 3511800; France (1) 69077802; Greece (1) 361-4300; 

Hong Kong (5) 448963; India (22) 23-1040; Israel 52-545685; Italy (2) 82470; Japan (33) 564-6024, (33) 5379-1971; Korea (2) 718-9521; Malaysia 3-248 6786; Mexico (52) 575 6091; Netherlands (70) 399-6360; New Zealand (9) 415-8362: 
Norway (2) 53 12 50; Pakistan 570 369; Poland (22) 580701; Portugal (1) 7934834; Singapore 338-1300; South Africa (12) 803 7680/93; Spain (1) 555-8112; Sweden (8) 89 38 90; Swizerland (1) 386-8686; Taiwan (2) 3039836 

DT-Connect is a trademark and Data Translation is a registered trademark of Data Translation, Inc. All other trademarks are the property of their respective holders. 


CIRCLE 98 FOR U.S. RESPONSE CIRCLE 99 FOR RESPONSE OUTSIDE THE U.S. 


DESIGN APPLICATIONS 


By ENHANCING THE MACROMODEL FOR OP-AMP SPICE 
SIMULATIONS, A MORE REALISTIC ANALYSIS OF NOISE 
SOURCES CAN BE DONE. 


IMPROVE NOISE ANALYSIS 
WITH OP-AMP MACROMODEL 


oise in operational amplifiers has never been easy to model 

and project, whether it’s done with software packages like 

Spice or with pencil and paper. Determining the spectral 

and total noise over a given bandwidth is a daunting and 

tedious task, and it requires that all noise sources—resis- 

tors, amplifiers, etc.—be considered. Although Spice pro- 
grams have noise analysis capabilities, previously available op-amp macro- 
models, including the Boyle model, lack noise parameters. 

Because the internal impedances of typical macromodels don’t exactly 
match those of the actual device, using the models for noise analysis often re- 
sults in gross errors. To address this problem, a new modeling technique that 
incorporates accurate voltage and current noise sources, originally devel- 
oped at the Precision Monolithies Div. of Analog Devices Inc. (ADI), allows 
designers to do full noise analysis on a system level. 

The usefulness of simulating noise with a Spice program can be appreciat- 
ed by any engineer who has gone through the calculations by hand. A hand 
analysis requires calculating the in- 
dividual noise contribution of each 
op amp, resistor, and any other ac- 
tive device. Then, all of the contribu- 
tions must be summed together by a 
root-sum-square, with that sum mul- 
tiplied by the square root of the cir- 
cuit’s bandwidth.! 

For lower-frequency circuits, the 
amplifier’s 1/f noise becomes signifi- 
cant, so the 1/f noise must be inte- 
grated into the total. In more com- 
plex circuits with multiple stages 
and many resistors and capacitors, 
the task seems to grow exponential- 
ly. Luckily, Spice can do all of the 
work—given an accurate op-amp 


1. A SIMPLE noise-source model for 


use in Spice simulations consists of two 


JOE BUXTON model. identical series-connected voltage 
Analog Devices Inc., Spice can also analyze the noise sources linked in parallel with a pair of 
Precision Monolithies Div. contributions of each circuit element series-connected diodes. The node 

1500 Space Park Dr., to determine the dominant sources. between the voltage sources is grounded, 
Santa Clara, CA 95052; A detailed listing is generated in the while the noise output is taken from the 
(408) 727-9222. Spice “out” file by specifying an in- node between the two diodes. 
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DESIGN APPLICATIONS 


MODELLING OP-AMP NOISE 


SUBCKT OP-27 
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DN2 12 13 DEN 
VNi 11 90. “DC 2 
C+ ws \/ Ons VN2 0 13 DC 2 
18 * CURRENT NOISE SOURCE WITH FLICKER NOISE 
— OV ng DN3 14 15. DIN 
i. DN4 15 16 DIN 
. VN3 14 O DC 2 
N2 VN4 "0 16, pete 


* SECOND CURRENT NOISE SOURCE WITH FLICKER NOISE 
DNS 17 18 DIN 

DN6 18 19 DIN 

VN5 17 0 DC 2 (b) 

VN6 O 19 DC 2 


2. ADDING NOISE SOURCES to the input of the op-amp macromodel is straightforward. The voltage noise source is connected in 
series with the positive input line of the differential pair, while the two current noise sources are connected to the input pins preceding the 
voltage source (a). To set up the noise sources as part of the Spice net list is a simple matter of inserting the definitions into the listing (b). 


‘ 


terval value in the “.noise” state- 
ment. For example, a value of 10 tells 
Spice to print a listing once every ten 
frequency calculations. This print- 
out lists every circuit element and 
how much each one adds to the total 
output noise. Knowing which compo- 
nents generate the most noise en- 
ables a designer to more easily opti- 
mize his system. 

In the interest of increasing simu- 
lation speed and simplifying develop- 
ment, Spice macromodels rely on ide- 
al voltage- and current-controlled 
sources with resistors, capacitors, 
and a limited number of transistors 
and diodes. As a result, the internal 
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schematic representation of a macro- 
model has very little similarity to the 
actual op amp’s circuitry. This mod- 
eling approach can give accurate re- 
sults for de, ac, and transient simula- 
tions. However, unless noise is spe- 
cifically taken into consideration 
when developing the model, trying to 
simulate for it will give erroneous re- 
sults. 

For example, if the macromodel 
has large internal resistors that 
don’t correspond to elements in the 
actual circuit, those resistors can 
generate excessive noise during a 
simulation. Unfortunately, Spice 
doesn’t allow users to make specific 
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resistors or any other other devices 
noiseless. Rather, when Spice per- 
forms a noise analysis, it calculates 
the noise generated by all resistors 
and active semiconductor devices 
without exception. 

An improved model (referred to as 
the ADSpice model) with an open ar- 
chitecture allows for very accurate 
performance simulations under ac, 
de, and transient simulations.” How- 
ever, when a noise analysis is per- 
formed using this model, the results 
can easily be over 100 times greater 
than that of the actual device. 

Fortunately, the same feature of 
macromodelling that allows the de- 
GN 
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vice’s behavior to be modelled using 
ideal elements also enables the noise 
to be accurately modelled. By appro- 
priately scaling internal component 
values, any of the ADSpice models 
can be made essentially “noiseless.” 
Actually, the model still produces 
noise, but it’s so small that it be- 
comes insignificant compared to the 
amplifier’s noise performance. 

Thus, the first of three major steps 
in developing a noise model is to mod- 
ify an existing ADSpice op-amp mod- 
el to make it noiseless. The next two 
steps are to create and then add 
three independent noise sources to 
the model. One source is placed in se- 
ries with the noninverting input to 
add voltage noise, and the other two 
sources are each connected to either 
of the inputs to model the current 
noise. 

Employing independent noise 
sources allows them to be added, re- 
moved, and changed without affect- 
ing any other model parameters. 
This complete ADSpice model can 
now simulate all of the ac, de, and 
transient characteristics, as well as 
the noise performance, of an op amp. 


“NOISELESS” MODEL 


As mentioned, existing ADSpice 
macromodels generate too much 
noise due to unrealistic values for in- 
ternal resistances and transistors. 
Thus, to reduce the noise to insignifi- 
cant levels is basically an exercise in 
scaling. 

For example, in the existing mod- 
el, the pole and zero stages use 1-MO. 
resistors in combination with capaci- 
tors or inductors to set the frequen- 
cy. Each resistor produces 128 nV/ 
V Hz of noise, which is calculated us- 
ing the standard equation for ther- 
mal noise: 


e, = V 4kTR 
where: 


e, = voltage noise in V/V Hz 

k = Boltzmann’s constant = 1.38 < 
10° joules/K 

T = absolute temperature in Kelvin 
(K) 

R= resistance in ohms 


The 128 nV/V Hz is already a fac- 
tor of ten larger than a typical op 
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amp’s noise performance. However, 
by scaling down the resistors to 1, 
their noise contribution becomes in- 
significant (With R = 19, e, = 128 
pV/V Hz). When the resistor is 
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scaled by 10°, then all other elements 
in that stage must be scaled by the 
same factor. To maintain the correct 
pole and zero locations, any associat- 
ed capacitors must be increased by 


V(onoise) 


V(onoise) 


3. SIMULATING THE MACROMODEL’S voltage noise density vs. frequency 
results in a curve that closely matches an actual OP-27’s response (a). A current-noise 
simulation also produces a curve that matches the performance of an actual device (b). 
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OP-27 BRIDGE NOISE TEST CIRCUIT 


x1 

RB1 
RB2 
RB3 
RB4 


6 7 5 OP -27 
350 
350 
350 
350 

5K 

5K 

50K 
50K 
500P 
500P 
DC 15 
DC -15 
AC 1 


2 
1 
3 
1 
3 
3 
1 
2 
4 
4 
2 
6 
7 
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1 


-AC DEC 10 1 10MEG 
-NOISE V(5) VIN 10 
. INC OP27.CIR 

. PROBE 

. END 


(b) 


4. THIS BRIDGE CIRCUIT itustrates how total system noise can be analyzed using ADSpice model of the OP-27 (a). The circuit is 
characterized with a simple net list that includes the op-amp macromodel (b). 


the same factor, and any inductors or 
resistors must be decreased by the 
same factor. Also, the voltage-con- 
trolled current sources that set the 
stage’s gain must be increased by 
the same factor. 

In addition, the input stage must 
be altered to lower the noise. A tran- 
sistor’s voltage noise is inversely 
proportional to its collector current, 
so by increasing the collector current 
the noise becomes insignificant. A 
current of 1 A works in most cases. 
Again, other elements in the stage 
must be scaled by the same amount 
to maintain the original ac and de 
characteristics. 

The final change in the model re- 
quires the removal of two differen- 
tial resistors connected in series 
across the inputs. Typically, the com- 
mon-mode rejection ratio (CMRR) is 
multiplied by the voltage at the node 
between these resistors. Unfortu- 
nately, these resistors add excessive 
noise at higher frequencies as the 
CMRR decreases. Merely reducing 
the size of these resistors would 
make the input impedance unaccep- 
tably low, so they must be removed 
completely. 

Sensing the common-mode volt- 
age now requires sensing each input 
and averaging the two voltages. 
Spice can easily do this by using a 


ELECT B O-N,1.€ 


voltage-controlled source with two 
controlling variables. That results in 
the following equation: 


Common-mode error = (CMRR/ 
2)(VIN+) + (CMRR/2)(VIN-) 


Through these adjustments, an 
ADSpice model can be made “noise- 
less.” As an example, simulating the 
OP-27 model without the added noise 
sources results in a voltage noise of 
140 pV/V Hz, which is much lower 
than the device’s performance of 3 
nV/V Hz. 


SIDE EFFECTS 

One side effect of lowering the 
model’s internal resistances is a dra- 
matic increase in the amount of simu- 
lated quiescent supply current. This 
problem can be overcome by con- 
necting false supplies to the high- 
current stages and connecting the 
actual supplies to the output stage 
only. 

The false supplies are voltage-con- 
trolled voltage sources that mirror 
the supply voltages. Doing this 
maintains the correct current in the 
external voltage supplies. 

However, the model now internal- 
ly dissipates very large amounts of 
power, which is reflected in the total 
power dissipation specification print- 
ed at the end of a Spice output file. 
DESIG 
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Thus, when simulations are run us- 
ing the noise model, the power dissi- 
pation of the actual power supplies 
should be carefully looked at by 
checking their individual currents. 

Now that the ADSpice model is 
‘noiseless,’ independent noise 
sources must be created and added 
to the model. Amplifiers contain cur- 
rent and voltage noise, and each type 
of noise is comprised of broadband or 
thermal noise and flicker or 1/f 
noise. Spice can model both types of 
noise. 

Broadband noise is most easily 
modelled with a resistor; 1/f noise 
uses a diode. Thus, a noise source 
could be simply a resistor in series 
with a diode. A few details must still 
be considered, but this is basically 
how a noise source can be created for 
Spice modeling. 

Setting the broadband noise re- 
quires that the proper resistor value 
be calculated. Spice uses Equation 1 
to determine a resistor’s thermal 
noise in all of its calculations. To set 
the broadband noise, the value for e,, 
from the data sheet should be used to 
solve for R. For example, to get e, = 
4nV/V Hz, the equation yields R= 1 
kQ. 

Flicker (1/f) noise is also built into 
Spice in every semiconductor ele- 
ment, of which diodes are the sim- 
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plest elements to work with. Looking | where: I, = quiescent diode current 

at the Spice diode model, noise is gen- KF = flicker noise coefficient (diode 
erated according to the following | i, = current noise in A/V Hz parameter) 

equation: q = electron charge = 1.6 x 10°” AF = flicker noise exponent (diode 
i,? = (2q x I,) +(KF X I,4"/f) (2) coulombs parameter) 


f = frequency 


The second term in the above equa- 
tion gives the flicker noise for the di- 
ode, which rises with lowering fre- 
quencies just as for an op amp. The 
flicker noise coefficient, KF, is ad- 
: : : : : : justed to move the 1/f corner up or 
bs cna ie Baansiess : senaith Sea paeains i seeiniens dara vings Javhina vel down in frequency. The flicker noise 

: : : : : : exponent, AF, sets how fast the 

noise increases below the 1/f corner. 
If no value is specified, AF defaults 
to 1, which is correct for most op 
amps. 
: : : : : : The diode and resistor noise 
See Mar etecaacine : casi gwar ees Svieis aisieieini@aie « ssi sices Riateieerere’s : aes eS inze ie! sources can be combined to model 
: : : : any op-amp noise source with broad- 
band and 1/f noise. The diode model 
actually includes a parasitic resis- 
tance, RS, whose value defaults to 0. 
To save a node and time during a 
Spice analysis, the resistor that gen- 
erates broadband noise is included as 
RS. 

The actual topology of a noise gen- 
erator consists of two series-con- 
nected voltage sources connected in 
parallel with two series-connected di- 
odes (Fig. 1). Generated noise is mea- 
sured at the junction between the 
two diodes (node 2). By centering the 
source around ground, the de bias on 
node 2 is eliminated, preventing the 
amplifier’s offset from being affect- 

: ; : : : : ed. To guarantee that node 2 is exact- 
sisiaays aia : vette eee lee eeeeeeneeee eee es ansis no ne lessees pst cecences ly 0 V de, the two voltage sources Vy, 

; : : : : : and Vy» must be identical, and the 
two diodes Dy, and Dy» must be also 
identical. 

A side effect of having the two di- 

: : : Z : : odes in series is that any noise gener- 
seccens peseeeeeees Er See ener SETAE ated by one is actually divided in half 

; : : : : : by the resistive divider formed by 
the two devices in series. For exam- 
ple, if RS = 1 kQ, it generates 4 nV/ 
V Hz of noise, but its contribution to 
node 2 is only 2nV/V Hz. However, 
because noise adds by root-mean- 
square, the two resistors’ contribu- 
tions must also be added using the 
rms formula. That results in the fol- 
lowing equation for total broadband 
noise: 


ee ry 


. . . . 
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5. PLOTTING THE BRIDGE CIRCUIT’S noise as a function of frequency 
shows the effect of the two band-limiting capacitors (a). A more useful plot depicts total 
system noise integrated over the entire bandwidth (b). Ey?=(C.rs: / 2? + (Cinco / 2° 
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SINCE Cp.) = Capgo then 
Ey =@,r5/ V2 
where €,p5 = V 4kTRS 


Note: e represents the noise contri- 
bution from a single source and E 
represents the aggregate noise. 

The flicker-noise calculation is 
more involved because it’s based on 
the quiescent diode current, Ij, 
which is unknown. To actually solve 
for 1; would require numerical itera- 
tion or inaccurate graphical meth- 
ods. Spice will do all of the work, 
though. 

The noise-generator circuit should 
be run in Spice with the calculated 
value for RS in the diode model. 
Then, the de bias solution in the 
“out” file will show the current 
through the voltage sources, which 
is equivalent to I. 

Once I, is known, the current noise 
is calculated using Equation 2. Any 
current noise is converted into volt- 
age noise by the impedance seen by 
the source. In this case, Spice places 
the current-noise source in parallel 
with the conductance, gp, of the di- 
ode. This, according to the small sig- 
nal equivalent circuit, is equal to: 


£p=1,/ Vy 


where: V,, = thermal voltage = 25.8 
mV at 27°C 


Any current noise is multiplied by 
one over the conductance to create 
voltage noise. Therefore, to gener- 
ate the voltage flicker noise (e;,,);) of 
the diode, the equation becomes: 


fpr = (i,”) (1/8p)? 


Cap = (KF X 1j47/f) (1/g,)? 


And to get the total flicker noise: 
Ben? = (gap, /2)?> + (Cgape/2)? 


Ey = Cfap/ v2 


The factor of one-half comes from 
the resistive divider of the two di- 
odes, which divides the rms noise in 
half. The 2qI, term of the diode noise 
is ignored because it’s insignificant 
compared to the thermal noise gen- 
erated by the resistors. When calcu- 
lating the 1/f noise, the broadband 


noise must be rms-subtracted from 
the noise figure before calculating 
KF. For example, the OP-27 has 
broadband voltage noise equal to 3 
nV/V Hzand 1/f noise at 1 Hz equal 
to 6 nV/V Hz. Thus, to calculate for 
KF in the ereveeuintion, Epn Should 
equal 5.2nV/V Hz. 

This noise generator topology can 
be used for both voltage and current 
noise. The determining factor is 
whether a voltage-controlled volt- 
age source or a voltage-controlled 
current source introduces the noise 
into the input stage. 


ADDING THE NOISE IN 


Up to this point, the noise sources 
have not yet been connected to the 
ADSpice model. To connect them is 
actually a simple task. First, the volt- 
age-controlled sources must be 
placed in the input stage (Fig. 2a). 
For voltage noise, a voltage-con- 
trolled voltage source, Ey, is insert- 
ed in series with the positive input 
pin. Ey is controlled by the center 
node of the noise generator, and for 
convenience, Ey’s gain is set to 1. 
Consequently, toget a input voltage 
noise of 3nV/V Hz, the noise gener- 
ator must be set to 3 nV/V Hz. The 
Spice net list for the circuit probably 
illustrates most accurately how the 
noise elements are tied into the rest 
of the model (Fig. 2b). 

Adding current noise sources is 
similar except that voltage-con- 
trolled current sources are used. The 
current noise sources (Gy, and Gy») 
are connected to each input and 
again have a gain of 1. 

Now, however, instead of produc- 
ing voltage noise, they produce cur- 
rent noise of the same magnitude as 
the noise generator. For example, to 
get 5 pA/V Hz of current noise, the 
noise generator must produce 5 pV/ 

Hz. 

Three separate noise generators 
are needed rather than just using 
two—one for the voltage noise and 
one for each current noise sources. 
Using the same generator for both 
current-noise sources reduces the ef- 
fective noise by as much as 30% due 
to the op amp’s high common-mode 
rejection. 

With a simple unity-gain configu- 
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ration of the OP-27 model, the accu- 
racy of the model’s noise voltage can 
be checked easily (Fig. 2a). Because 
the model provides a gain of +1, the 
output noise is equal to the input 
noise. 

Furthermore, since there is no 
source impedance, the current noise 
is effectively zero. The results of the 
simulation, when compared with the 
response of an actual OP-27, show 
the accurate modelling of the noise 
over the entire frequency range 
from 1 Hz to1kHz. 

By adding a large source imped- 
ance on the V,,, line, the unity-gain 
amplifier can be used to test current 
noise (Fig. 3b). Any input current 
noise will be multiplied by the source 
resistor, resulting in voltage noise. 
Spice gives the total output voltage 
noise from all sources. 

So, when this circuit is used, the 
noise of the 1-MQ source-impedance 
resistor should be rms-subtracted 


from the results. Finally, the result 
must be divided by the value of the 
source resistor to get the current 
noise. The equation at the bottom of 
the graph charts only the current 
noise, which is very close to the OP- 
27’s actual measured response. 

A simple bridge circuit works well 
as an example of using the ADSpice 
model to find the total noise of a sys- 
tem (Fig. 4a). A net list can charac- 
terize the bridge amplifier (F%g. 4b). 
Capacitors C, and C, are used as low- 
pass filters to remove high-frequen- 
cy noise. 

This particular simulation was ex- 
ecuted twice, the first time with the 
capacitors in place and then without 
them. The resulting plots show that 
the noise falls off much sooner with 
the capacitors in place, as is expected 
(Fig. 5a). 

However, the total noise is a more 
meaningful result that can help 
gauge the system’s performance. 


Knowing this value and comparing it 
to the input level gives the signal-to- 
noise ratio (SNR) for the circuit. 
Finding the total noise requires inte- 
grating the noise over the circuit’s 
entire frequency range. Doing so is 
straightforward in many Spice simu- 
lators that allow calculations to be 
performed on the output. 

For example, MicroSim Corp.’s 
PSpice simulator integrates the 
noise using the following equation: 


Ey = sqrt(s(v(onoise)* v(onoise))) 


The “‘s’ operator integrates the 
square of the output noise, and then 
the “sqrt” operator takes the square 
root of the total. 

This is essentially an rms sum of 
the noise at each frequency (Fig. 5b). 
As the graph shows, the total noise is 
much less when the capacitors are in 
place—just 15 pV rms compared to 
140 pV rms. 

The SNR can easily be calculated 
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from this graph by taking the expect- 
ed signal level and dividing by the to- 
tal noise from the graph. The SNR is 
then just 20 < log of the result. For 
example, a signal level of 15 mV rms 
gives a SNR of 60 dB and 41 dB, re- 
spectively. The peak-to-peak noise 
can also be calculated by multiplying 
the total noise by 6.° 


BiG CONTRIBUTORS 


If a listing of the computed noise 
at 10 iteration intervals is examined 
for the bridge circuit, it would reveal 
that the two 5-kO resistors contrib- 
ute the most noise. Adding just their 
contributions together shows that 
they create 129 nV/V Hz of the total 
140 nV/V Hz of noise. 

Speed is always a concern when 
simulating a circuit with Spice. A 
model’s usefulness is reduced if the 
simulation chews up too much time. 
To keep simulation time down, the 
ADSpice model uses ideal elements 


and limits the number of nonlinear 
components. 

Running Spice on the bridge am- 
plifier took 15 seconds on a 33-MHz 
386 PC clone and 65 seconds on a 12- 
MHz 286 PC. In comparison, the 
same simulation was done without 
simulating the noise,and that simu- 
lation run took 9.8 seconds on a 33- 
MHz PC. While the noise analysis in- 
creases the simulation time by 50%, 
the total time is still somewhat 
short. 
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the same source. 
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Model Freq @ Conv. Loss Isol 
L-R (dB) L-R 

(MHz) X 6 (dB) 

Li 0.15-400 4.98 0.34 46 
Lar 2-600 5.82 0.19 42 
ae 50-1000 5.73 0.30 47 
ae ool 20-1500 658 0.40 42 
TUE seus 860-1050 62 037 35 
TUEt1agu 1400-1900 683 0.30 33 


@ X=average conversic 
6=sigma or standard 


loss at upper end of midband (fy 
viation 


vibré 


actual size 


CC Mini- Circuits. 


P.O. Box 350166, Brooklyn,New York 11235-0003 (718) 934-4500 Fax (718) 332-4661 


Distribution Centers/ NORTH AMERICA 800-654-7949 e 417-335-5935 Fax 417-335-5945 


EUROPE 44-252-835094 Fax 44-252-837010 


Price, $ 
each 
10 qty) 
5.95 


ULTRA-REL MIXERS 


5-YR. GUARANTEE 


with extra long life due to unique HP 
monolithic diode construction, 300°C high 
temp. storage, 1000 cycles thermal shock 
celeration, and mechanical 
shock exceeding MIL requirements 


For detailed specs and computer-automated performance data (CAPD), refer to Thomas Register Vol. 23, MicroWaves Product Directory, EEM, or Mini-Circuits’ 718-pg Handbook 
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IDEAS FOR DESIGN 


GET THREE COLORS 
FROM A BICOLOR LED 


JONATHAN C. SIEBOTT 
Action Manufacturing Co., 100 East Erie Ave., Philadelphia, PA 19134-1089; 
tel.: (215) 739-6400; fax: (215) 423-7749. 


any makers of bicolor 
light-emitting diodes 
claim a total of four 
states for their devices— 
red, green, orange, and off. Those 
devices actually contain just two 
LEDs, one red and one green, in an 
anti-parallel arrangement. There- 
fore, to make them produce an or- 
ange output requires alternating be- 
tween red and green above the eye’s 
flicker fusion frequency. How best 
to do that is perhaps less than self- 


evident, and a bit more involved than 
driving a garden variety LED. 

The simple circuit shown permits 
the exploitation of all four states of 
the bicolor LED (Fig. 1). When GN 
goes low, so does pin 3 on IC, (Fig. 2). 
That allows current to flow from the 
5-V supply, through one of the 200-0 
resistors, and through the green 
LED, making the light green. Simi- 
larly, having RD go low makes the 
light red. 

The positive edge of the CC 


+V 


WM 


Green 
anode side 


1. JUST F OUR PARTS comprise this controller for bicolor LEDs. The NAND gates 
work with the OFF signal to inhibit the LEDs. 


™ cwen PRECISELY CHECK 
5) 22. Low RESISTANCES 


Storage Technology Corp., MS: 0231, 2270 South 88th St., 
Louisville, CO 80028; (303) 673-7109. 


t’s a well-known fact that when 
measuring very low resis- 
tances, special care must be tak- 
en to avoid errors. Four-termi- 
nal techniques are regularly em- 
ployed, for example, to eliminate test 
lead IR errors. But even four-termi- 


ELECTRONIC 


nal measurements don’t address the 
problem of thermal EMF's (electro- 
motive forces) in the test leads (see 
the figure, a). 

That problem can be eliminated by 
making two four-terminal measure- 
ments—a normal one, and one with 
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ops a Dray 
Cd a a A 
Red anode 


rt a ee ee 


Green anode 


2. THIS TIMING diagram 
illustrates how the various inputs affect 
the two LEDs. The green LED is on when 
the red anode (green cathode) is low. 
Similarly, the RD input turns on the red 
LED by forcing the red cathode (pin 6 of 
IC,) to be low. 


(change color) signal changes the 
color of the emitted light. Therefore, 
to produce orange, a clock witha rate 
above, say, 100 Hz needs to be ap- 
plied to pin 3 on IC,. It’s possible to 
vary the shade of orange by control- 
ling the cycle time of a complemen- 
tary pair of signals applied to GN 
and RD. 

__Theremaining state is off. Driving 
OFF low inhibits both LEDs by fore- 
ing both NAND gate outputs high. 
OFF may also be used with CC to cre- 
ate a red-off-green-off type of blink- 
ing. That’s achieved by applying 
complementary or identical signals 
to CC and OFF at the desired rate.O 


the current source leads reversed 
(see the figure, b). Averaging the re- 
sults of the two measurements gives 
an enhanced result that’s free of 
thermal EMF errors. 

To understand why the technique 
works, consider that the value of R 
found by the normal measurement, 
Rg, is actually given by: 


Ra 3 (V,-E, i E,)/I, 


where I, is the test current, V, is the 
measured voltage, and E, and E, are 
the thermal EMFs. Similarly, the val- 
ue of R determined with the current 
source leads reversed (Rp) is given 
by: 


DESIG NEY 


Digital ohmmeter 


Sens 


E, AND Ey represent the thermal 
emfs that can ruin a low-resistance 
measurement (a). By taking a second 
reading with the current direction 
reversed (b) and averaging the results, 
the errors caused by those emfs can be 
eliminated. 


Rg=(-V,+ E,-E,)/I,. 


Hence, averaging the two read- 
ings, Ris given by: 


R=(R, + Rp)/2 
= (Vy ‘a V,)/2I, 


This expression eliminated the ther- 
mocouple voltages E, and E,. In ef- 
fect, by reversing the current source 
leads and taking two readings, an ex- 
tremely low frequency ac test signal 
was applied to remove thermocouple 
voltages and minimize reactive ef- 
fects. 

Because the voltage measured 
with the current source leads re- 
versed (Vj) will always be negative, 
and its magnitude is all that’s re- 
quired, the most convenient expres- 
sion for R uses its absolute value as 
follows: 


R=(Vq +|Vql)/21, 


This method was tested using a 
commercial four-terminal instru- 
ment anda 0.03-0, 1% resistor. To ag- 


EGE U wfc rr onic 


IDEAS FOR DESIGN 


gravate the thermocouple effect, the 
instrument manufacturer’s test-lead 
recommendations were purposely 
ignored. First, the resistor was mea- 
sured using only two leads. The re- 
sult was a value of 0.169 2. Obvious- 
ly, the lead resistance swamped out 
the unknown resistor value, mandat- 


ing a four-terminal measurement. 
The normal four-terminal measure- 
ment resulted in a value of 0.0341 0, 
which was about 14% high. The re- 
versed measurement yielded 0.0266 
, about 11.3% low. Averaging the 
two together resulted in a corrected 
value of 0.03035 0.0 


™ cece LRANSFER DATA FROM 
2.3 4 DMM To A PC 


YONGPING XIA 
23008 Arlington Ave., #20, Torrance, CA 90501; (213) 784-2000. 


iven the measurement capa- 
bilities of a digital multi- 
meter (DMM) and the com- 
putational power of a per- 
sonal computer, it would seem logi- 
cal to use the former as a data- 
acquisition front-end for the latter. 
Then it would be possible to store se- 
quences of measurements for statis- 


tical analysis, calculate products and 
ratios like gain and power, identify 
peak values, and so on. All that’s 
needed is a way to physically connect 
the two devices and a software rou- 
tine to transfer the data. Here’s that 
way. 

The physical circuitry is built 
around the popular 7106 analog-to- 


FG, A3B, E,F,G, ABS 


ICL 7106 (part of DMM) 


1. THE THREE CHIPS that comprise the interface between the PC and DMM 
consume so little power that they can be driven by the DMM’s supply. 
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Dale® has been perfecting the 
elements of partnering for nearly 
three decades. We began with a 
commitment to be the absolute 
best supplier of fixed resistors and 
associated components. The best 
at a technology which many said 
couldn't be improved. But we've 
done it. 

When the industry was ready to 


surface mount, we were ahead of the 


game with the largest selection of 
resistive components available 
When ship-to-stock came on the 
scene, our ZIP® program was the 


first to eliminate the need for receiving 
inspection while guaranteeing on-time 


delivery. And, since 1972, our inno- 
vative electronic data interchange 


The ultimate in 
components partnering. 


Which supplier can deliver 
all the elements? 


Statistical Process Control 

Partnering. There's only one 
components supplier with the 
experience, size and commitment 
to make it work to your ultimate 
advantage. Dale can. Contact your 
Dale Representative or phone our 
Corporate Marketing Department 
at (402) 563-6549 


A COMPANY OF 


(EDI) system has grown into an 
international network 
Behind this solid supply com- ; 
mitment is a quality structure \ DALE. 
for which perfection is seen as an 
attainable goal. It encompasses 
everything from Certified Suppliers 
to Quality Circles to fully integrated 


Dale Electronics, Inc., 1122 23rd Street, Columbus, Nebraska 68601-3647 
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digital converter, which is at the 
heart of many 3-1/2-digit DMMs 
(Fig. 1). That chip, which is designed 
to drive liquid-crystal displays di- 
rectly, has a common output signal 
called BP plus a set of seven segment 


DIM d(4) 

DIM dat(4) 

OUTADDRESS = &H378 
INADDRESS = &H379 
SELECT1 = &HFE 

SELECT2 = &HFD 

SELECTS = &HFB 

SELECT4 = &HF7 

SELECTS = &HEF 

OUT OUTADDRESS, SELECTS 
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lines for each digit. The lines are all 
low-frequency square waves. The 
segments that have the same phase 
as BP are off, while those that are 
out of phase are on. 

Although seven segment outputs 


' set output address 
' set input address 
' set five selections 


datain = (INPCINADDRESS) AND &H10) / 8 


IF datain = 0 THEN GOTO 10 


datain = (INPC(INADDRESS) AND &H10) / 8 


IF datain = 2 THEN GOTO 10 
OUT OUTADDRESS, SELECT1 


read A1,B1,£1,F1 


datain1 = (INPCINADDRESS) AND &H78) / 8 


OUT OUTADDRESS, SELECT2 


read G1 A2,B2,E2 


datain2 = (INPCINADDRESS) AND &H78) / 8 


OUT OUTADDRESS, SELECT3 


read F2,G2,A3,83 


datain3 = (INPCINADDRESS) AND &H78) / 8 


OUT OUTADDRESS, SELECT4 


read £3,F3,G3,AB4 


datain4 = (INPCINADDRESS) AND &H78> / 8 


OUT OUTADDRESS, SELECTS 


read pole 


datainS = (INPCINADDRESS) AND &H78) / 8 


d(1) = datainl + (datain2 AND 1) * &H10 
(datain2 AND &HE) / 2 + (datain3 AND 3) * 8 
(datain3 AND &HC) / 4 + (datain4 AND 7) * 4 


d(2) 
d(3) 
d(4) = (datain4 AND 8) / 8 
pole = datainS AND 1 
FOR i = 1704 
SELECT CASE d(i) 

CASE &HF 

dat(i) = 0 

CASE 2 

dat(i) = 1 

CASE &H17 

dat(i) = 2 

CASE &H13 

dat(i) = 3 

CASE &HIA 

dat(i) = 4 

CASE &H19 

dat(i) =5 

CASE &H1D 

dat¢(i) = 6 

CASE 3 

dat(i) = 7 

CASE &HIF 

dat(i) = 8 

CASE &H1B 


dat(i) = 9 
CASE 0 
dat(i) = 10 
END SELECT 
NEXT i 
IF dat(1) = 10 THEN GOTO 20 


combine A1-G1 
combine A2-G2 
combine A3-g3 
find AB4 

find pole 
convert to BCD 


' overflow 


' if overflow 


outdata = d(4) * 1000 + dat(3) * 100 + dat(2) * 10 + dat(1) 


IF pole = 1 THEN outdata = -outdata 


PRINT outdata 
GOTO 30 


' form output data 


IF pole = 1 THEN PRINT "- Overflow" 
IF pole = O THEN PRINT "+ Overflow" 


END 


2. THIS QUICK BASIC routine captures the output of the DMM’s 7106 analog-to- 
digital converter for analysis and display by the PC. 
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are available for each digit, only five 
are needed to specify the desired 
number. Therefore, only 15 lines are 
required to specify three digits. 
Three additional lines—BP, polarity, 
and the fourth half-digit—yield a to- 
tal of 18 lines connecting the DMM to 
the PC. 

Three 74HC244s buffer the out- 
puts from the 7106. Because they re- 
quire very little current, they can be 
powered by the DMM. An indepen- 
dent supply isn’t necessary. 

The PC connects to the interface 
circuitry through its parallel printer 
port. That port is broken down into 
an 8-bit output section (878H) anda 5- 
bit input section (379H). Five bits of 
the output section control DMM-sig- 
nal-line selection, allowing the PC to 
read four bits of DMM data ata time. 
Therefore, a total of only five cycles 
is required to read all 18 of the signal 
lines. 

A Quick Basic program reads the 
DMM and displays the data on the 
PC screen (Fig. 2). It can easily be 
modified as required by different ap- 
plications.0 


IFD WINNERS 


IFD Winner for 
November 21, 1991 


M.S. Nagaraj, Digital Systems 
Div., Instat-II Building, I.S.R.0. 
Satellite Centre, Airport Rd., Vi- 
manapura P.O., Bangalore-560 
017, India. His idea: “Spare Lamp 
Turns On Automatically.” 


IFD Winner for 
December 5, 1991 


John Dunn, 181 Marion Ave., Mer- 
rick, NY 11566. His idea: “Vary 
Capacitance To Positive Or Neg- 
ative.” 


Read the Ideas for Design in this 
issue, select your favorite, and cir- 
cle the appropriate number on the 
Reader Service Card. The winner 
receives a $150 Best-of-Issue 
award and becomes eligible for a 
$1,500 Idea-of-the-Year award. 


DUE St GN 


File: coming 

Queue: ed/1 

Route to Donna Bright 
Penton 


COMING ATTRACTIONS: 


May 1 (Closes April 3) 
ASICs and CAE: CICC Preview 


In this multi-part report, three of ELECTRONIC DESIGN’s editors—Dave Bursky, Milt Leonard, and Lisa Malin- 
iak—focus on the papers to be presented at the upcoming CICC conference. This report will examine the latest 
technology breakthroughs in ICs, test techniques, digital circuits, and mixed-signal devices. It’s compelling 
reading for all designers and managers who are designing or using ICs, ATE, software tools, workstations, syn- 
thesis tools, IC testers, test hardware, chip-design tools, and CAE. 


May 14 (Closes April 17) 
Special Report: Multi-Media 


If you've been eager for design information concerning multi-media systems—systems that combine audio and 
video—this Special Report is just what the doctor ordered. Computer Systems Editor Richard Nass will unveil 
the latest technologies and how to apply them to tomorrow’s multi-media designs. 


Electro Preview 

Also in this issue, John Novellino, the industry’s most experienced Test & Measurements Editor, goes behind 
the scenes at ELECTRO (Boston, May 12-14), one of the major showcases for manufacturers of electronic in- 
struments, components, hardware and interconnections, and CAE software. This horizontal industry-wide 
show is important to all senior designers and test engineers. Our report evaluates the major new product 
introductions as well as the technical papers to be discussed at the show. 


May 28 (Closes May 1) 
Digital Semiconductors: BiCMOS Technolo 


Two of Electronic Design’s most senior editors—Semiconductor Editor Dave Bursky and Analog Editor Frank 
Goodenough—team up in this issue for this Special Report on BiCMOS Technology. Bursky will examine digi- 
tal biCMOS—from new chip developments to process improvements—while Goodenough will look at lead- 
ing-edge mixed-signal devices. It’s one report that designers will refer back to all year long. 


Special Section: PIPS 

(Power sources, Interconnections, Passive components, 

and Switches and re 

Six times in 1992, Electronic Design PIPS Special Sections examines the latest product offerings for engineers 
and managers who specify basic products. Our PIPS coverage this issue focuses on passive components and 
includes a who’s who of passives manufacturers and their products, giving this issue great shelf-life. Five major 
categories are covered: resistors, capacitors, inductors & coils, crystals & oscillators, and optoelectroics. In 
addition to a technical article on passives, PIPS capsulizes power sources, interconnections, and switches and 
relays. 


In Every Issue... 


Our Ideas For Design along with our Technology Newsletter, New Products, and Quick Look sections bring 
Electronic Design readers the latest in test and measurement, computer-aided engineering, and components. 


No ASSEMBLY REQUIRED! 


Why settle for just a data generator when you can and no edge placement restrictions — for less than 
have a data generator, pulse generator and switch the cost of a data generator alone! 
matrix all in one? The HFS 9000 Demo it once, and you'll never 

es ready to use, with 64K The new Tektronix 0 to pieces again 
com use, Wi in. 

; HFS 9000 Data Time Generator: pa ’ 

memory depth, 1 ps timing Now get complete stimulus Talk to your Tek account 
resolution, 630 MHz all without going to pieces. manager today, or call 


formats, variable nl mm, 1-300-426-2200, 


transition time, 


Tektronix 
Test and Measurement 
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evenues in semiconductor equipment fell off 4% last year 
compared with 1990, according to VLSI Research Inc., of 
San Jose, Calif. Of various sectors in the $8.1 billion equip- 
ment market, wafer processing gear suffered the largest 
decline, falling 9.1% to $4.5 billion. Still, the semiconductor equipment 
market performed better than expected, especially with fears of a 
deepening recession at the close of 1991, says the market researcher. 

Some companies quit buying front-end equipment, like lithography 
and track equipment, which fell by 24% to $1.4 billion. Deposition 
equipment also declined, dropping 7.9% to $1.2 billion. The etch and 
clean market inched up 1.4% to hit $1.05 billion. 

Questor systems—how VLSI Research describes the sector for com- 
puter-integrated manufacturing, automated test equipment, materials 
handling, and process diagnostics—held steady at $2.7 billion. Reve- 
nues in the automated test equipment (ATE) market increased by $100 
million to hit $1.4 billion. Sectors closer to wafer processing, like 
process diagnostics, also saw declines, 2.4% to $700 million. Materials 
handling fell 9% to $580 million, down 9% from the previous year. 

The assembly sector performed best, with revenues up 17% to $849 
million. Most of this revenue growth stems from ASM International 
Technology's contract with the former USSR, notes VLSI. Assembly 
was boosted by packaging, which saw a 31% increase in revenues, to 
$433 million. The bonding and inspection market rose just 3.2% to $325 
million; revenues in dicing equipment grew 9.8% to $90 million. 


QUICK NEWS: 


$ companies race to get products out the door on time, 
within budget, more attention is being paid to concur- 
rent engineering—where design and test managers 
and engineers work closely together throughout the 
entire product life cycle. The first annual Concurrent Engineering 
Award will be presented to recognize companies that have success- 
fully implemented CE in product development at a new conference, 
Test & Design Expo, May 11-14, 1992, at the Garden State Conven- 
tion Center in Somerset, N. J. As sponsor of the award, Electronic 
Design will compile all entries and vote on the award, along with 
the Test & Design Expo technical advisory committee. Criteria for 
the award include product development time, percentage of prod- 
ucts within original budget, number of design iterations, custom- 
er/supplier involvement, and structure of the product-develop- 
ment team. Entry deadline is April 17, 1992. Besides exhibits of 
design software and hardware and test equipment, the expo will 
have a technical program of tutorials, sessions, and forums. For en- 
try criteria, contact Sharon Schifano, Technical Program Manager, 
Test & Design Expo, 13760 Noel Rd., Suite 500, Dallas, TX 75240; 
(800) 223-7126; fax (214) 385-9003. CIRCLE 451 
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HOW SEMICONDUCTOR 
EQUIPMENT MARKET 
STACKED UP LAST YEAR 


Total: 
$8.1 billion 


Deposition 
27% 


CONFERENCES 


he third annual Women in Engineering conference will 
be held May 31-June 2 at the Capital Hilton in Washing- 
ton DC. The conference is sponsored by WEPAN, a na- 
tional network to give women more access to engineer- 
ing careers, and coordinated by the Office of Women’s Programs 
at Stevens Institute of Technology in Hoboken, N. J. Keynote 
speakers include Sheila Tobias, author of Overcoming Math 
Anxiety and They’re Not Dumb, They're Different: Stalking 
the Second Tier. Contact Susan Metz, director, Office of Women’s 
Programs, Stevens Institute of Technology, Castle Point on the 
Hudson, Hoboken, NJ 07030; (201) 216-5245. CIRCLE 452 

dvanced cleanroom concepts, computer tools for reli- 

ability, behavior of equipment under mechanical 

shock, and CFC alternatives for precision cleaning are 

among the technical sessions scheduled for the annual 
meeting of the Institute of Environmental Sciences. The meeting, 
which will be held May 4-8, 1992, at the Opryland Hotel in Nash- 
ville, Tenn. This year’s theme is technical excellence in a global 
economy. Contact the IES, 940 E. Northwest Highway, Mount Pros- 
pect, IL 60056; (708) 255-1561; fax (708) 255-1699. CIRCLE 453 
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sers of the Verilog hardware de- 

scription language now have an 

international bulletin board sys- 

tem for sharing information 
through USENET, a worldwide network con- 
sortium. The BBS was started by Open Veri- 
log International, which supports and pro- 
motes use of the previously proprietary Veri- 
log HDL. OVI’s technical committee members 
will participate in the BBS, expecially re- 
garding standards and technical issues. To 
access the Verilog HDL BBS, logon to 
USENET and use the BBS name comp.lang- 
.verilog for information on verilog HDL. For 
more information, contact Open Verilog In- 
ternational, Suite 408, 1016 East El Camino 
Real, Sunnyvale, CA 94087; (408) 776- 
1684. CIRCLE 454 


oftware for designing active fil- 

ters is free from Burr-Brown 

Corp. Program outputs include 

print-outs of standard real-world 
component values. The package comes with 
documentation, including measurements of 
representative filters designed by the pro- 
gram. A DOS-compatible, 5.25-in. disk con- 
tains three filter design programs and sup- 
porting software. Contact Mary Douglass, 
Burr-Brown Corp., P. 0. Box 11400, Tucson, AZ 
85734; (602) 746-1111 or (800) 548-6132; or ac- 
cess an electronic bulletin board at (602) 741- 
3978 (300/1200/2400 8,N,1). CIRCLE 455 


CImeter, a program that acquires 

analog data for display as on- 

screen digital and analog meters 

and bar graphs, has a free demo 

disk. High and low alarm setpoints can be 

configured to trigger digital outputs when 

setpoints are reached. Process values can be 

modified to engineering units using scaling 

factors and linearization for thermocouples is 

also supported. Meters can be saved to PCI- 

meter application files and reconfigured at 

any time. Contact Intelligent Instrumenta- 

tion, 1141 W. Grant Rd., MS 131, Tucson, AZ 
85705; (602) 623-9801; fax (602) 623-8965. 
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PC-based catalog for electronic 
enclosures is free to engineers 
and buyers of electronic enclo- 
sures. Cab-net software from 
Equipto Electronics includes more than 10,000 
line items, text descriptions, color photos, ac- 
cessories, technical drawings, and prices. For 
a free copy, contact Equipto Electronics, 351 
Woodland Ave., Aurora, IL 60506-9988; (708) 
897-4691; fax (708) 897-5314. CIRCLE 457 
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QUICKLOOK 


Perspectives on Time-to-Market 


BY RON KMETOVICZ 
President, Time to Market Associates Inc. 
Cupertino, Calif.; (408) 446-4458; fax (408) 253-6085 


ould you knowingly start on product development that 

could take 5, 10, 15, 20, or more years to get to the 

market? Besides taking this time, would you be willing to make frequent 

trips to the bank or financial markets to get the cash needed to do the job as 
cumulative development costs reach for the stratosphere? 

Next, can you live with the fact that only a few people, possessing limited data, have the 
product and market vision to make the venture successful? And finally, will you be able to 
tolerate the frequent change in direction necessitated by using learn by doing develop- 
ment? If you can honestly answer “‘yes!”’ to all of these questions and want to learn how to 
make your prospective plan a business success, then you re ready to consider doing first-of- 
a-kind new product development. 

Risk and uncertainty are extremely high in developing new products. Examining the 
product classification matrix shows that first-of-a-kind developers work with new product 
concepts that they intend to take into new markets. As such, these inspired individuals pick 
the path that contains the greatest possible number of perils. If the people with the vision 
prove to be right, new businesses, industries, markets, and companies will materialize. As a 
result, the potential for significant reward substantially offsets the ever-present possibili- 
ty of failure. 

Within the past 20 years, major first-of-a-kind product introductions include the micro- 
processor, video cassette recorder, personal computer, workstations, and critical support 
programs as well as application software. To this short list, add products that were first of a 
kind in your field of interest. Each product listed and those you have thought of were many 
years in the making. And, when they first arrived on the market, potential customers had to 
be shown why they needed and should buy the product. Yet, behind the scenes, there were 
people driving these efforts that had a vision of how they would create markets and 
generate business success. 

Where are today’s first-of-a-kind products? One example that comes to my mind is 
AT&T's recent introduction of the picture phone. This gadget is a classic first-of-a-kind pro- 
duction. To begin with, it has been a long time in the making. I remember seeing a prototype 
picture phone at the New York World’s Fair in 1964—that was 28 years ago! Between then 
and now, how much money do you think AT&T has plowed into an effort that had to be of the 
on-again, off-again, variety? 

I conservatively estimate the total development figure to be at least $60 million. Some- 
how over this extended period of time the idea stayed alive within AT&T. Would anyone 
care to guess how this happened? I also speculate that technological change over this ex- 
tended development period caused AT&T to scrap many of its ideas. And yet, in 1992, you 
can go out and buy your own picture phone for a mere $1500. Why? 

You may not know why yet or maybe you think the picture phone is a dumb idea. But if 
AT&T is taking this introduction seriously, the company will soon be talking to the people it 
thinks should buy a picture phone. If the product and the push into new markets are effec- 
tive, money will begin to flow in AT&T's direction. Will 1 million units or 10 million units 
be sold worldwide two to three years from now? No matter, at 1 million units it’s a billion 
dollar market; at 10 million units it’s just ten times larger! AT&T has its organization 
focused on what the company thinks will be a new multi-billion dollar per year market And 
the marketing gurus should now be doing all in their power to help make this market 
materialize. Let's see what happens over the next few years. The question is, will AT&T hit a 
grand slam? 

In the meantime, look at the new product efforts in your portfolio. If you have a first-of-a- 
kind venture, assess whether your organization is equipped to deal with high risk product 
and market issues. 
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Under the DIP caps = 
Micro/Q 1000 & 2000 


Standard Capacitors: 
¢ Improve board performance with- 
out redesign. 


¢ Solve noise problems by retrofitting 


existing boards. 

Custom Capacitors: 

* Special pinouts to address wide 
variety of specialty DIPs such as 
analog devices, op-amps, center 
pinout advanced CMOS devices. 

*¢ Applications: decoupling, EMI/RFI 
filtering, compensation. 


Under the PGA caps - 
Micro/Q 3000 


* Reduce PGA and PLCC noise. 

* Several part sizes address a variety 
of package sizes. 

* Designed for all 16/32-bit MPUs, 
DSPs, GSPs, FPPs, gate arrays, 
standard cells, and fully custom 
ASICs. 
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Mini/Bus and Q/PAC 


Mini/Bus Bars 


Two layer PCBs power distribution and decoupling caps - 


Micro/Q® capacitors, me 
Q/PAC® components and (> 
Mini/Bus® bars take the ~ 
headache out of a host of 
design problems quickly 
and easily. 


Micro/Q decoupling capacitors reduce 
EMI/RFI and noise voltage spikes in ICs 
by as much as a factor of ten. They can 
mount under the IC or share mounting 
holes to improve noise suppression where 
it’s most effective - at the source. 


Q/PAC components give two-layer boards 
multilayer electrical performance, elimi- 


DISTRIBUTION: Europe, Japan, Taiwan, Singapore, Hong Kong, Korea, Brazil, Australia, India 


to Micro/Q Capacitors. 


nate discrete decoupling 
capacitors, and boost the 
reliability of the PCB 
assembly. 
Mini/Bus bars provide high cur- 
rent distribution and high capacitance, 
eliminate up to half the decoupling capaci- 
tors, and fit between or beneath ICs to 
reduce required board layers. 
Find out more about how we can solve 
your noise, EMI/RFI or space problem 
today. Call a Product Specialist at 
(602) 967-0624 (Fax 602-967-9385) and 
ask for more information. 


Technology for tomorrow built on TQC today. 
Circuit Components 


2400 S. Roosevelt Street, Tempe, AZ 85282 
A Division of 


@ ROGERS 
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Micro/Q, Q/PAC and Mini/Bus are registered trademarks of Rogers Corporation. Another Mektron® Interconnection product. 


* Distributes power to ICs * Eliminates up to half the decoupling caps 


* Fits between or beneath the ICs 
Q/PAC Components 


* Deliver efficient power distribution * Provide built-in capacitance 

* Eliminate decoupling capacitance * 2-layer economy, 4-layer low noise levels 
High Current/High Capacitance Components 

¢ High current power distribution up to64 amps * Provide voltage equalization 
* High cap values available * Board rigidizer * Heat sinking function 
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Circle 146 for Immediate Need (U.S. Response) 


Circle 147 for Immediate Need (Response Outside U.S.) 


Under the PLCC - SMT caps 
Micro/Q 3500 


* Surface mount capacitors. 

* Fit under 44, 52, 68, 84/larger pin count 
PLCCs. 

¢ Low inductance, 0.5 - 0.6 nanoHenries. 

* Pads absorb coefficient of thermal expan- 
sion mismatch between board and device 
during soldering. 

* Supplied in tape and reel or in bulk. 

* Available with Z5V or X7R dielectrics. 
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nvesting is a time-consuming task. Few engineers have the 
resources to analyze securities and companies, to study 
forces affecting the economy, and to assess trends in the 
financial markets. Large institutions hire professional 
money managers to perform these tasks for them. A mutual fund 
gives engineers access to the same professional management. 
eLiquidity: Mutual fund investors can buy or sell shares at any 
time at their current market value (for those redeeming shares, the 
current market value—which changes every day may be more or less 
than the original cost). This ease of entry and exit, plus knowing 
exactly what an investment is worth on any given day, is an attrac- 
tive benefit, especially when compared with less liquid investments 
like real estate, limited partnerships, and high-yield bonds, where 
buyers may be few and accurate prices hard to come by. 
eConvenience: Investing in individual securities not only re- 
quires financial judgment, but paperwork as well—especially at tax 
time. Mutual funds relieve you of record-keeping chores by provid- 
ing periodic statements and annual reports, which contain informa- 
tion on current prices, holdings, and changes. Also included is time- 
saving data on what portion of any early gains may be taxable. 
eF lexibility: Some engineering investors like to buy one mutual 
fund and stick with it Others like to change their mutual invest- 
ments as financial needs or financial markets evolve. For these 
investors, many mutual fund organizations offer a “family” of 
funds—a slate of different funds with varying investment objec- 


tives, among which you may take advantage of exchange privileges. 


Which technical books are the most popular in Silicon 
Valley? 


| ELECTRONICS: 


ER SPICE: A Guide to Circuit Simulation and Analysis Using 
PSpice by Paul W. Tuinenga. Prentice-Hall, 1992. $24. 

EA The Art of Electronics, 2nd ed., by Paul Horowitz and Winfield 
Hill. Cambridge University Press, 1990. $54.50. 

EW Spice for Circuits and Electronics Using PSpice by 
Mohammed H. Rashid. Prentice-Hall, 1990. $25.80. 

[9 BiCMOS Technology and Applications edited by Anthony R. 
Alvarez, Kluwer Academic Publishers, 1989. $68.50. 

EW Noise Reduction Techniques in Electronic Systems, 2nd 
edition by Henry W. Ott. John Wiley & Sons, 1988. $51.95. 


COMPUTER SCIENCE: 


EB Learning GNU Emacs by Debra Cameron and Bill Rosenblatt. 
O'Reilly & Associates, 1991. $24. 95. 

4 C+ + Primer, 2nd edition by Stanley B. Lippman. Addison- 
Wesley, 1991. $32.25. 

EW The New Hacker’s Dictionary edited by Eric Raymond. 
Massachusetts Institute of Technology (MIT) Press, 1991. $10.95. 
ER Programming the Display PostScript System with Nextstep 
by Adobe Systems. Addison-Wesley, 1992. $26.95. 

EE C+ + Programming Language, 2nd edition, by Bjarne 
Stroustrup. Addison-Wesley, 1991. $34.50. 

This list is compiled for Electronic Design by Stacey's Bookstore, 
219 University Ave., Palo Alto, CA 94301; (415) 326-0681; fax (415) 
326-0693. 
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Often this transaction is performed free of charge. But some finan- 
cial organizations may charge a modest “exchange” fee when inves- 
tors move money from one fund to another. 

eInvestor protection: Mutual funds are regulated under a 
number of federal and state laws. They are also subject to being 
overseen by the Securities and Exchange Commission (SEC). This 
regulation protects investors by requiring mutual funds to clearly 
define the risks of investing, to report performance consistently, to 
operate within proscribed standards and to observe anti-fraud rules 
in the buying and selling of fund shares. 

eAffordability: Unlike many investments, the minimum initial 
investment for most funds is between $500 and $2,500. Some funds 
accept initial investments as low as $50 if the investor agrees to 
invest a fixed amount every month. 

For engineers who would like to receive the kind of investment 
advice and access to the same professional money managers as 
institutional investors, Shearson Lehman Brothers’ TRAK Personal- 
ized Investment Advisory Service provides ongoing asset allocating 
advice, access to institutional money managers, continuous monitor- 
ing, and quarterly reporting. Minimum investment is $25,000. For a 
free copy of “TRAK Personalized Investment Advisory Service,” 
call or write to me at the address below. 


Henry Wiesel is a financial consultant with Shearson Leh- 
man Brothers, 1040 Broad St., Shrewsbury, NJ 07702; vista 
631-2221. He invites questions and comments. 


DID YOU KNOW? 


.. three-quarters of workstation users rely on them to do word pro- 
cessing; 58% perform spreadsheet analysis; 57% send and receive elec- 
tronic mail; and 50% use the machines for database management. In 
purchasing a workstation, users say ease of use is their biggest con- 
cern, followed by continuity with existing systems and price/perfor- 
mance. Of those polled, 58.8% say their companies will purchase work- 
stations in the next year. Average purchase amounts to 89 units, with 
15% of respondents estimating their companies will buy 250 or more 
workstations. 


IEEE Spectrum survey of 1500 subscribers 


HOT PG PRODUCTS 


inking far-flung engineering departments is eased with the 

Wildcat bulletin board system from Mustang Software. 

With an optional gateway, Wildcat works with Novell’s 

MHS E-mail system. The we/MHS gateway enables BBS us- 
ers to receive Wildcat and MHS messages at one central location. With 
Wildcat’s installation menus and automatic modem setup, the BBS can 
be up and running in less than an hour, its maker says. The program 
has a full-screen editor and can attach files for messages for immedi- 
ate downloading after reading. Wildcat can batch uploads and down- 
loads—to 99 files. Single-line software goes for $129. A multiline 
version, which allows up to 10 callers or LAN users to access the BBS 
at once, goes for $249. With Wildcat’s $499 professional version, the 
BBS can be accessed by dial-in lines or a LAN workstation using exist- 
ing connections and eliminating need for separate modem or phone 
line; up to 250 callers at a time are supported. Contact Mustang Soft- 
ware Inc., P. O. Box 2264, Bakersfield, CA 93303; (805) 395-0223; fax 
(805) 395-0713; 24-hour BBS: (805) 395-0650. CIRCLE 458 
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What do p-channel load switches give battery powered systems? 


Life everlasting. 
Well, not quite. 
But it may i 
seem that 
way to users 
of your battery- 


powered system. 


Double battery life during normal 
operation! And increase it by 1000% 
(ten times) in standby mode! 

How? With Siliconix’ $i9405 load switches. Devices that 
let you shut down unneeded sections of your system. Now 
you can turn off the display, disk drive, internal FAX/ 
modem, coprocessor, extra memory, transmitter and other 
analog functions when they are not in use. Then activate 
them instantly from your standby mode. 


Added value. 

This improved power management empowers your system 
with (almost) life everlasting. It’s a compelling competitive 
advantage that will significantly increase your product's 
market share and 
profit margin. 


LITTLE FOOT™ 
packaging. 

The 5-V logic 
compatible 
p-channel Si9405 
has an incredibly 


low 120-mQ on-resistance 
that allows simple switching 
of high currents. And it 
comes in a space-saving 
LITTLE FOOT SOIC 
8-pin package — 
assuring your portables 
will be truly portable, 
your laptops lap-size, and 
your notebooks notable. Other small 
footprint solutions are listed below. 


Siliconix P-Channel & N-Channel Load Switches 


Si9400DY Single P-channel, 250 mQ 
Si9405DY Single P-channel, 120 mQ 
Si9953DY Dual P-channel, 2 x 250 mQ 


These SO-8 IC devices can be driven directly by 5-V logic. 
Si9956DY Dual N-channel, 2 x 100 mQ 
This SO-8 IC device is ideal for higher current loads. 


SMP60N03-10L Single N-channel TO-220, 10 mQ 
A great solution for switching between batteries. 


Get more compact and power-saving designs! Call our 
toll-free hot line now. 1-800-554-5565, Ext. 560. Ask for our 
“Power Management” Design Kit. And remember, at Siliconix 
we're committed to achieving a seamless interface between 
the power and digital worlds. 


mye = 
Siliconix 
2201 Laurelwood Road, Santa Clara, CA 95056 


© Copyright 1991 Siliconix, LITTLE FOOT is a trademark of Siliconix 


New DSP Processor 
Boards and Analog I/O 


1OMHz VME 

_ Analog Input 
Boards 
ZPB 1603, ZPB1604 


| e 2-channel 
analog input 
e 12-bit data 
| acquisition 
e 5MHz or IOMHz 
sampling rates 


e From $3,495* 
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PC/AT Floating 
Point Processor 
ZPB34A 


e AT&T's SOMHz 
DSP32C 


e 64KB to 2.25MB 
of local RAM 

e High-speed serial 
bus for parallel 
processing 


e From $1,995* 


Code Generator 
Software 
DSPlay XL 


e Generates standard 
executable code 


for DSP32/32C i> 
pee 
| ¢ Block diagram aay 


| VME Floating 
| Point Processor 
ZPB3400 


e One or two DSP 
processors 


e AT&T's DSP32C or 
TI's TMS320C3 1 


|} ¢ | or 4MB DRAM 


| e 256K SRAM per 
| processor 


| e 18-bit data/1OMHz 
input rate 


ye From $4,495" 


af 


| 
| 


based algorithm alli { Free Product Guide | | 


development 
e 100+ DSP functions 


e Compatible with 
all Burr-Brown DSP 
processor boards 


e Only $1,495" 
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af For more information 


on our complete 
line of VME/PC DSP 
| processors and high- 
performance analog 
|/Os or a free copy of 
| our product guide, 
| call 1-800-548-6132, 
or contact your local 


Burr-Brown Corp. 
P.O. Box 11400 
Tucson, AZ 85734 


| * Single Unit Price. 


BURR - BROWN® 


Burr-Brown sales office. 
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CALCULATOR 
Anyuow? 


STUFF, 


(Thoughts on the Accuracy Limits of Scientific Calculators...) 


ow willingly we trust our 

calculators! Yet, like ev- 

erything else, these ubiq- 

uitous tools do have limits. 
In particular, their accuracy limits are 
beginning to show in our ever more 
complex and precise engineering cal- 
culations. To illustrate the problem, 
here’sasimple calculation that you can 
work on your own calculator: 


((1 — (cos (3/7))? — (sin (3/7))?)?)9-25 = 0 222? 


Remembering the trigonometric 
identity for squared sines and cosines, 
you know the an- 
swer has to be zero. 
But your 10-digit 
calculator proba- 
bly givesananswer 
on the order of 4 x 
10-6, amuch larger 
discrepancy than 
you would expect 
from the calcula- 
tor’s claimed 10- 
digit resolution. 
This error, of 
course, comes from 
accumulated trun- 
cation and round- 


BOB PEASE 
OBTAINED A 
BSEE FROM MIT 
IN 1961 AND IS 


STAFF ers 
SCIENTIST AT Srangcendental al 
NATIONAL Spiheane BeKs 
SEMICONDUCT- ® 

5 computational ver- 
OR CORP., : 
ees ce sion of NOISE. 
SANTA CLARA, 
CALIF Another source 


of squirrelly read- 
ings is the low volt- 
age levels used in modern calculators. 
The MOSFET ICs’ inherent analog un- 
derpinnings become apparent at low 
supply voltages, where channel volt- 
ages may vary only 10:1 between the 1 
and 0 digital states. In essence, each 


ELECTRONIC 


FET is a linear amplifier at both of its 
digital extremes. As a linear amplifier, 
it can pick up and amplify strong RF or 
pulsed fields. For some plastic-cased 
models, operationnear aterminal’s hor- 
izontal transformer, a radar transmit- 
ter, or a medium-frequency broadcast 
station can jump the display reading 
without any apparent cause. 

The calculator IC’s analog roots are, 
in fact, the reason why you can’t buy 
portable scientific calculators with 
better than 12-digit precision. It be- 
comes a matter of voltage regulation. 
The battery’s voltage drops about 40% 
as its energy is drained. Ordinary cal- 
culator chips have Power-Supply Re- 
jection Ratios on the order of 180to0210 
dB, allowing 8 to 10 digit calculators to 
operate without error (10220) qB = 
1019 = 10 digits). Leading-edge compa- 
nies like HP and TI use voltage regu- 
lators and factory calibration to gain 
another 60 dB ofsuppression, bringing 
dependable performance to the 13- 
digit level. But that’s about it for 
portable units. 

Although careful analog design 
keeps PSRR errors below digital sig- 
nificance in scientific calculators, 
those techniques can’t provide the 
high precision needed in accounting 
calculators. Consequently, calculating 
a really large number—such as the 
bottom line for the second overrun ofa 
military hardware contract — will 
show some variable errors in the last 
digits on a 14-digit accounting calcula- 
tor. In fact, aerospace accountants are 
rumored to earn their lunch money 
simply by changing to fresh calculator 
batteries before the final column addi- 
tion. Fortunately for them, “calculator 
faith” hidesthesesmalltransgressions 
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from the GAO (Government Account- 
ing Office). 

The accounting calculators repre- 
sentalarge market, and theiraccuracy 
demands will likely fuel research for 
improved battery and regulator tech- 
nologyinthe next decade. Japanese re- 
searchers hope to produce accurate 14- 
digit machines by the turn of the 
century, spurred by suspicions of low- 
battery use when converting trade- 
balance dollars to yen. Despite these 
incremental improvements, however, 
some analog experts smugly hint that 
digital engineers will never design a 
calculator accurate to one part in 1016, 

Analog engineers in the know infer 
that the Digital Illusion can’t be sup- 
ported beyond 16 digits. At that preci- 
sion, the digital two-state simplicity 
collapses and all circuits revert to their 
basic analog nature. The prima donna 
digital engineers must then face the 
dirty “real world” uncertainties that 
we analog engineers face every day. 
Just as playtime for digital bus design 
ended at 20-MHz data rates, the Digi- 
tal Illusion ends at 16 digits. 

The analog engineer — always 
thoughtful, physically attractive, and 
suave — doesn’t base the Digital Illu- 
sion’s limit on mere speculation. Nay, 
this limit has roots deep in theoretical 
physics, a subject quite familiar to the 
analog engineer’s restless intellect. In 
fact, it’s the famous Heisenberg Un- 
certainty Principle that imposes an ab- 
solute 19-digit limit on digital-calcula- 
tor accuracy. In 1927, as many 
experienced analog engineers will re- 
call, Heisenberg recognized that the 
minimum energy kicked into asystem 
(when making a measurement) is in- 
versely proportional to the measure- 
ment time. That is, dE x dt can never 
be less than Planck’s constant, 4.14 x 
10-5 electron volts per Hertz (eV/Hz). 
Consequently, the longer you take to 
do something, the less disruptive en- 
ergyisinjected,andthe more exact the 
result. 

The occurrence of an Uncertainty 
Erroris, of course, probabilistic. It can 
occur in any calculation, as students of 
engineering quickly discover, but it is 
much larger and more likely in calcu- 
lations where the disruptive energy is 
large — i.e., where the calculation time 
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is short (or when you are in a big 
hurry). Consider some facts from your 
own experience... calculations done on 
a Cray super-computer at gigaflops 
rates (earthquake prediction, rainfall 
prediction, national debt prediction, 
origins of the universe) are subject to 
great uncertainties, whereas compu- 
tations done on aslide rule at deciflops 
rates (resistor values, the price of 12 op 


amps) are seldom wrong by more than 
5%. These Uncertainty Ratios remain 
valid even at microflop rates. For ex- 
ample, computer programs that re- 
quire several man-years of debugging 
are much more reliable than those that 
work the first time. 

Calculating the 19-digit limit is be- 
yond the scope of this short article, but 
is recommended as an exercise for the 
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SERIES 


THE WORLD’S FIRST 
HIGH POWER FAMILY. 


PROVIDES EXPANDED CAPABILITY 
FOR MARKET INTRODUCTION IN HALF THE TIME. 


* Easy To Integrate Components 
Reduces Circuit Design Costs. 

* Closely Coupled Optimized IGBT 
and Driver Chip Minimizes 
Stray Inductance. 

* Failsafe Protection for Sensing 
Over Current, Over 
Temperature, Under Voltage 
Lock and Short Circuit. 

* Exclusive IGBT Current Sense 
Technology. 

* Single Arrangement At 
600A-600V. & 

* 6 Or 7 Pack 
Arrangement- 
10A-600V. 


Q 


* Dual Arrangement- 
100A To & 
400A-600V. 


* High Voltage 
High Power-75A 
To 300A. 


* High Voltage 
Series- 10A To 
50A-1200V 


* Design Commonality Saves 
Money. 

* The Latest in Component 
Technology. 

* Reduced Package Size. 

* Totally Isolated for Quick 
Easy Installation. 

¢ Faster Switching. 

* No External Biasing. 

* Single Component Integration. 


CONTINUING INVESTMENT FOR THE 
ADVANCED PRODUCTS OF TOMORROW. 


Call The Power Line At 
1-800-451-1415. 


VEIMEREX 


Powerex in Alliance with Mitsubishi Electric Corporation. 


Seven Pack. 
CIRCLE 174 FOR U.S. RESPONSE 


175 FOR RESPONSE OUTSIDE THE U.S. 


HILLIS STREET, YOUNGWOOD, PA 15697 
FAX 412-925-4393 


Gentle Reader. Start with Maxwell’s 
equations. Usea3.6-V lithium battery, 
2N3904 transistors, and 99.2 eV 
(12.648 nm) lithography to establish 
boundary conditions (savvy analog en- 
gineers will use their slide rule’s div, 
curl, and grad scales to make quick 
work of the vector differential equa- 
tions). Your answer may differ some- 
what from 19, depending on how much 
you rush the calculations. If you must 
use a digital computer, analog engi- 
neers amicably recommend that you 
stick with an Apple I, Altair 680, IM- 
SAI 8080, or PDP-8 models to mini- 
mize spurious answers. 

I hope this peek into calculator the- 
ory will dispel the blind trust in calcu- 
lator and computer results, and in all 
that complex digital stuff. Now that 
you’ve been alerted to a future of con- 
tinuing digital problems, you will not 
be surprised when your naive col- 
league’s new 17-digit calculator sinks 
into Digital Nirvana whentryingtopin 
down the penultimate digit. You will 
know that calculators, like everything 
else, face limits. The Digital Illusion 
can’t shelter us indefinitely. Although 
the affable, warm-hearted analog en- 
gineers have used all of the technology 
at their disposal to stretch the Illusion 
over the last 40 years, their numbers 
dwindle, and the digital engineer’s age 
of innocence must end. A moment of si- 
lence, please, for those generous ana- 
log folks who have worked so continu- 
ously and indiscreetly during these 
long, hard years. 

Now just a couple of final comments 
from RAP: While I would love to say 
that I wrote this, I must give all the 
credit to James A. Kuzdrall, P. E., 
Chief Engineer at Intrel Service Co., 
P.O. Box 1247, Nashua, NH 03061. 
When I saw Mr. Kuzdrall’s draft of 
this, I knew it was a perfect choice for 
this guest editorial. He’s a man after 
my own heart. 

And, lastly, April Fool! 


All for now. / Comments invited! 
RAP / Robert A. Pease / Engineer 


Address: 

Mail Stop C2500A 

National Semiconductor 
P.O. Box 58090 

Santa Clara, CA 95052-8090 


CONGRATULATIONS. THIS IS HOW YOUR 
NEW PRODUCTS LOOK 10 THE FCC. 


Personal computers. Switching power supplies. VCRs. Oh, and you can pick 


them up on every radio in the tri-county area. If this isn’t quite the reception you 


had in mind, call Tektronix. With automated spectrum analyzers, EMI sensors and specialized PC software, not to 


mention skilled technical consultants, we'll help all your products meet electromagnetic compliance. So they'll 


a 


Fi 


win approval from your customers, your neighbors, even powerful government agencies. For more informa- ¢ \ 
tion on how Tek can help you with EMC, give us a call today. TALK 10 TEX/1-800-426-2200 ENT. 71 


Tektronix 


2EW-188122 Copyright © 1992, Tektronix, Inc Test and Measurement 
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Drive your DSP design 
all the way home. 


Why complicate your travel 
plans? Zip along the entire DSP 
design route with SPW"— the 
Signal Processing 
WorkSystem’ from 
Comdisco. 


SPW is the only DSP and 
communications design soft- 
ware tool that’s complete and 
integrated. The only one that can 
take you all the way from idea to 
implementation. No matter where 
you're headed. No matter which road 
you take. And it’s fast. It has all the 
horsepower you need to cut design 

time by as much as 90 percent. 


First, SPW helps you choose your 
destination. You can quickly draw from 
its extensive libraries of reusable 
function blocks. And you can take 
advatage of SPW’s open architecture 

to incorporate your own models. 


After this, SPW automatically 
transforms your design into an 


YY 


N\ 


error-free simulation 
program. One that lets 
you perform accurate 

design, prototyping 

and analysis. One 
that confirms that 
you're headed in the 
right direction. 


~. 


And, to assure that your 

way is free from bumps, 
potholes, and those awful “dead 
end” signs, SPW comes with the indus- 
try’s widest range of implementation 
options. Options that generate code for 
floating- and fixed-point DSP chips as 
well as DSP systems with multiple 
processors. Options for bit-true fixed- 
point simulation that automatically 
generate VHDL and provide seamless 
links to the leading logic synthesis 
tools. Options that pave the way to fast 
FPGA and ASIC production. 


So, how about a test drive? Call us at 
415-574-5800. And learn how SPW can 
put you in the fast lane to market. 


CaMDUCO 
SY] Bao lire. 


U.S.: Telephone 1-415-574-5800, Fax 1-415-358-3601 Europe: Telephone 44-454-614256, Fax 44-454-614700 
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PRODUCT INNOVATION 


ON-CHIP 8-BIT DACS SET 
COMPARATOR THRESHOLDS 


On-CHIP 8-BIT DACs SET AND VARY THRESHOLD 
VOLTAGES OF QUAD, 1.5- wS COMPARATOR, AND 4- AND 
10-NS SINGLE ECL AND TTL COMPARATORS. 


F RANK GOODENOUGH ith the exception of zero-crossing applications, in which 
the reference is ground or common, every data convert- 
er’s comparator needs a reference. In many applications, 
standard reference values such as 1.25, 2.5, 5, or 10 V 
aren’t what you need, and some oddball voltage like 1.73 
V may be required that calls for a trimpot or often a more 

complex approach involving a digi- 

tal-to-analog converter. Here, the 
reference is set by a host processor. 

Such an approach also lets you 

change the reference voltage on the 

fly. To simplify the job of building 
this type of microprocessor-con- 
trolled, or adaptive, comparator, 

Maxim has readied the MAX910, 

MAX911, and MAX516. They repre- 

sent the first in a family of program- 

mable-threshold comparators con- 
taining on-chip DACs. The MAX910 
and MAX911 offer high speed; the 
third offers four comparator-DACs 


Comparator 


on one chip. 
The MAX910 and MAX911 differ 
2.56-V only in speed and output-logic com- 
reference patibility. The former supplies one 


TTL/CMOS output, while the latter 
has a fully differential ECL output 
(Fig. 1). Built on a high-speed com- 
O Reference in plementary-bipolar (CB) process, the 
MAX910’s TTL response time (prop- 
agation delay) isa maximum of 10ns, 
and the MAX911 ECL response time 
is 4 ns. Each contains one compara- 


1. AN ON-CHIP 8-BIT current-output DAC sets the threshold voltage of the 4-ns tor, an 8-bit DAC, a voltage refer- 
MAX911 comparator from Maxim, between -2.56 and + 2.56 V. The fully-differential ECL- ence, and a pair of output-span-set- 
output unit is designed to allow users to set and vary the comparator’s threshold-voltage ting resistors. If the parallel 8-bit 
levels with relative ease and at high speed. word to the DAC must be latched, ex- 
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ternal ICs are required 
for the job. On the other 
hand, the comparators’ 
output can be latched, so 
it’s unaffected by 
changes in the analog or 
digital inputs. Bringing 
the Latch pin low freezes 
the comparators’ output. 
With the pin high or float- 
ing, any change in analog 
input or code may shift 
the output from high to 
low or vice versa. 

In high-speed compar- 
ator applications where 
the threshold voltage 
must be updated rapidly, 
the combination of a com- 
parator and a parallel- 
data-bus DAC on one chip 
not only cuts the speed- 
reducing effects of stray 
capacitance, but also re- 
duces board space, de- 
sign time, and cost. High- 
speed automatic test equipment 
(ATE) used to test semiconductors 
represents a good example of such 
an application. Or, two or more of 
these ICs can be used to build an ex- 
tremely versatile window compara- 
tor for waveform analysis and clock 
recovery in data-recording and com- 
munications systems. 


Two TIMINGS 


Two response times define the dy- 
namic performance of these fast 
comparator-DACs, depending on 
whether the comparator’s digital in- 
put is fixed and its analog input var- 
ies, or vice versa. In the normal oper- 
ating mode, the conventional re- 
sponse time extends from when the 
analog input exceeds the compara- 
tor’s threshold value to when the dig- 
ital output changes from low to high, 
or high to low. In this mode, both the 
MAX110 and MAX111 can track 100- 
MHz signals. 

When used with fast-changing 
DAC-set threshold voltages, the 
comparator’s output response time, 
due to a code change that moves the 
threshold voltage through the exist- 
ing analog input voltage, becomes 
important. For example, following a 
TTLinput code change from all zeros 
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Horizontal sweep = 20-ns/diy, 


2. FOLLOWING AN INPUT code change from all zeros to all ones shojgout—results in a Vithre- 
(a), the output of the MAX910’s DAC shifts from -2.56 to + 2.56 V in under 
50 ns (b), and the output of the comparator changes state (c) a few ns later. 
However, the analog input (d) remains unchanged from 0 V. The MAX910 
from Maxim is a comparator with a variable-threshold on-chip 8-bit DAC. 


/(e) 


to all ones (Fig. 2, waveform a), the 
MAX910’s DAC achieves a full-scale 
update of its output—the compara- 
tor’s threshold—from —2.54 to +2.54 
V in 50 ns (Fig. 2, waveform b). Fol- 
lowing the threshold change, the 
output of the comparator flips in just 
8 ns (Fig. 2, waveform c), although 
the minus analog input (Fig. 2a, 
waveform d), which is tied to 
ground, remains a constant 0 V. 

As noted earlier, the high-speed 
comparator pair differ only in out- 
put-logic compatibility. From a 
black-box point of view, the TTL 
MAX910 supplies a single output 
that swings between 0 and 5 V, 
whereas the ECL MAX911 provides 
a fully differential ECL output. Both 
employ a +5-V and a-5-V (or -5.2-V) 
analog supply. A separate +5-V pin 
on the MAX910 is provided for 5-V 
digital power. 

The complementary outputs of the 
internal 8-bit DAC sink a full-scale 
current of 8 mA. That translates to 
either a 2.56- or a 5.12-V threshold- 
voltage range, depending on which 
span-resistor (R, or Rp) is connected 
to the threshold-voltage output pin 
Vihreshoiq@out. The DAC’s output cur- 
rent, I,,,, flowing through the span 
resistors, develops the code-depen- 
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dent voltage available at 
the Vinreshoiqout pin. Span- 
resistor choice deter- 
mines the full-scale volt- 
age range and thus the 
resolution of the thresh- 
old voltage applied to the 
comparator’s input. 
When the internal 2.56- 
V reference is used with 
the 320-0 span resistor 
Ra, the digital input code 
varies Vinreshoiqout from 
0.01 to +2.56 V witha res- 
olution of 10 mV/least- 
significant bit. Using 
both span resistors to 
form a 640-0 Rp—the Rp 
pin is connected to Vipre. 


sholdoUt between —2.54 and 
+2.56 V ata resolution of 
20 mV/LSB (Fig. 1, 
again). Alternatively, an 
external reference and/ 
or span resistors can be 
used. An optional voltage divider 
containing a potentiometer with its 
wiper connected to the TH, ,nt+o) pin 
can trim the minimum value of the 
threshold voltage to £50 mV. 


Four Or A KIND 

The biCMOS quad MAX516 con- 
tains four TTL/CMOS-compatible 
comparators, four 8-bit DACs each 
with a set of input latches, and an ad- 
dress decoder. Like so many new an- 
alog ICs, applications for the 
MAX516 offer a challenge to the cre- 
ative analog circuit/system design- 
er. Typical examples range from 
adaptive window comparators to so- 
phisticated special-purpose analog- 
to-digital converters. One applica- 
tion lets the four comparators detect 
a voltage level in one of five win- 
dows, then home in on the level with 
the closest DAC. 

The MAX516 does, however, need 
an external voltage reference that’s 
shared by all four DACs. And while 
designed for more mundane applica- 
tions than its speedy cousins, its re- 
sponse time still runs no more than 
just 1.5 ps. 

Unlike its cousins, only the plus in- 
puts of the comparators are brought 
out to pins, and the DAC outputs con- 
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Terminate Your SCSI Problems 


Unitrode's new BUS BOSS™ - the UC5601 active terminator - is the one chip solution you've been waiting for. 
Let the UC5601 handle your toughest SCSI challenges. It's not just a regulator. 
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Unitrode’s UC5601 assures a clean transmission / Connectivity Solution 


The UC5601. No other active terminator in the 
industry offers this level of capability, with these 
on-board features: 


® 18 Thin film termination resistors 

® Factory trimmed voltage regulator 

@ Low level clamping 
ee @ Logic command to disconnect all 

ee an a terminating resistors 

@ Low supply current in disconnect 


mode 
For more information on the UC5601 and your ‘ 
nearest Unitrode Representative, call, FAX or write ® 28-Pin SOIC / PLCC 
us today: Unitrode Integrated Circuits, 7 Continental @ Meets SCSI standards 
Blvd., Merrimack, NH 03054, FAX (603) 424-3460. 
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ALL YOUR CIRCUIT BOARD NEEDS UNDER ONE ROOF 


PCB MANUFACTURING 
* 2 Day turn on multi-layers 
* Prototype and production 
* Gerber Data Review 
* Database/Netlist test 


TECHNICAL ASSISTANCE 
* Backplanes * PCB layout tips 

* Impedance control * Mfg cost cutting tips 

* Analog and ECL * Artwork standards 


PCB LAYOUTS 


* Gerber Data via modem, 
24 hours (714) 970-5015 


CALL FOR A QUOTE! 


A MANUFACTURING, LAYOUT AND SUPPORT CENTER 


MURRIETTA 
A CIRCUITS 
4761 E. HUNTER AVE. ANAHEIM, CA. 92807 
TEL: (714) 970-2430 FAX: (714) 970-2406 
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No Quicker, Better Way Than UEN 
"USED EQUIPMENT NETWORK™ 
An ON-LINE Computer Service 
FREE ACCESS. Thousands of items. Hundreds 
of Categories. 


NO CHARGE for Surplus or Wanted Equipment 
listings by end-users. 


INDUSTRIAL » TELECOMMUNICATIONS 
OFFICE + AUDIO VISUAL 


UEN is a service of Used Equipment Directory, 
a monthly Penton publication listing thousands 
of items by hundreds of dealers in available 
equipment. 


Use your modem now to dial 201-625-2636 

to find needed equipment or to list your wanteds. 
(or contact directly by fax or mail) 

USED EQUIPMENT NETWORK™ 
P. O. Box 823, Hasbrouck Hts., NJ 07604-0823 
201-393-9558 - 800-526-6052 
FAX 201-393-9553 
"UEN - A FREE SERVICE for End-Users" 
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nect directly to the comparators’ mi- 
nus inputs. However, each DAC’s 
register is loaded with a different 
digital word under the direction of a 
2-bit address word to pins Ay and A,. 
A comparator’s output goes to a log- 
ic high level when its analog input is 
positive with respect to the DAC’s 
output. 

The four sequentially loaded digi- 
tal-input words independently vary 
the threshold voltages of the four 
comparators from 0 V to within 1 
LSB of the reference voltage. Unlike 
its cousins, the MAX516 is designed 
for single-supply operation. As a re- 
sult, the external reference can run 
from 1.25 to within 3.5 V of the chip’s 
positive analog supply rail, Vpp, 
which can then run from 4.5 to 16.5 V. 
The comparator’s output stage has 
its own supply pin (Vcc), permitting 
the “logic high” output levels to be 
set independently of Vpp. That is, 
Voc can be set at 5 V so that it’s com- 
patible with standard TTL/CMOS 
logic levels. It can also be set up to 
300 mV higher than Vpp to achieve 
greater noise immunity, or to drive 
some other circuit. Alternatively, 
both analog and digital circuits can 
work off +5 V to 1.5 V, even if the 
reference, and thus the analog input 
signal, is limited. The MAX516 dissi- 
pates just 50 mW from a 5-V power 
supply.0 

PRICE AND AVAILABILITY 
Both the MAX910/911 and the quad 
MAX516 come in 24-pin packages, in nar- 
row-DIP and wide-body SOIC versions. All 
three comparator-DACs are available for 
the commercial- and extended-industrial- 
temperature ranges. In addition, the 
MAX 516 is available in 24-pin CERDIPs 
for the military-temperature range. In 
quantities of 1000, the MAX910 and 
MAX911 start at $6.25 each. In similar 
quantities, the MAX516starts at $6.00each 
(or $1.50 per comparator-DAC). 

Maxim Integrated Products, 120 San 
Gabriel Dr., Sunnyvale, CA 94086; (408) 
737-7600. 

For the MAX516, contact Steven Lean- 
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QuickCustom™ ASIC design-methods 
from Tektronix provide convenient 
access to high performance bipolar 
technology. There are three effective 
design methods offered on the SHPi 
process with 8.5 GHz NPNs, Schottky 
diodes, JFETs, thin-film resistors, and 
PNPs. @ QuickChip™ 6 semicustom 
analog arrays offer the fastest, lowest 
risk route between concept and 
finished product. ® Higher perfor- 
mance and greater flexibility are 
possible using the building 


block approach of 
QuickTiles.™ Integration 

of mixed signal ASICs o 
is fast using the digi- + 


tal cell library. ® Full 
custom design provides 
optimum performance and 
minimum die size. 
Tektronix now introduces 
the QuickChip ” 7 mixed analog- 
c\g)\9) errey using a new, higher per- 
formance technology, GST-1. This high- 
density, 12 GHz process is Tektronix’ 


most advanced bipolar technology. 
Fiber optic telecommunications trans- 
ceivers and high-speed mixed-signal 
applications are quickly implemented 
on the QuickChip 7 semicustom array. 
QuickCustom design methods from 
Tektronix include the specialized 
design tools, accurate device model- 
ing and experienced technical support 
necessary to develop ASICs quickly 
and without error. Even first time 
ASIC designers are successful. 
When time and perfor- 
mance are critical, choose 
QuickCustom from 
Tektronix. For more 
information, please 
circle the reader 
* number, call 800-835-9433 
extension “ICO,” or FAX your 
request to 503-627-5560. 


Tektronix 


Test and Measurement 
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LOGIC EMULATION PROMOTES 
PARALLEL 
DESIGN 
METHODS 


A SPECIALIZED SOFTWARE 


MODULARITY IS KEY to the Mars 11 logic-emulation 


configuration from PiE Design Systems. The DebugWare portion 
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middle of photo) connect the Debug Ware and LBM to the target 
TH KY’ R E Bu I LT. system using lightweight, flexible cables. 


raditional serial design environments promote isolation of hardware and soft- 
ware development, which can lead to problems. For instance, when a design 
team eventually integrates a project’s hardware and software modules, they 
may find errors due to differences in interfaces or misinterpretations of a com- 
mon specification. To make matters worse, these errors are discovered late in 
the design cycle when corrections cost the most time and resources. 

Parallel hardware and software development, however, bypasses many of 
LISA MALINIAK these problems. Unfortunately, all of the EDA technology needed for parallel 
development, mainly in the area of simulation, is still not in place. Slowly but surely, however, 
the proper tools are becoming available. 

One new tool that takes a step in the parallel-development direction is the Mars II logic-emu- 
lation product from PiEK Design Systems. Engineers use logic emulation to create hardware 
representations of the designs they’re working on, which are then used as models in the target 
system for system-level debugging and analysis. Logic emulation differs from traditional 
software simulation because engineers can exercise complex VLSI components in target- 
hardware systems, and discover any errors much earlier in the design cycle. 

Mars II is built from field-programmable gate arrays (FPGAs), which create a general-pur- 
pose hardware product that’s reusable and reprogrammable. Logic emulation maps a logic 
design into the FPGAs, providing a physical representation of a circuit. The hardware can 
then be plugged into the end product for analysis of a design that’s still being developed. 

What most distinguishes the Mars II product from current logic-emulation products like 
Quickturn’s hardware modeler is the innovative timing-driven partitioning software that 
automates the logic-emulation process, says Lavi Malhotra, director of product marketing. 
The software reduces emulation time to hours and provides a high degree of FPGA transpar- 
ency because a compiler insulates users from the technology-dependent limitations of the un- 
derlying hardware. A specialized algorithm, called the Constructive Timing Optimization 
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Samsung began shipping DRAM 
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chips in the new 16m density—in 
production volumes—during 1991. 


Our customers for the product 


include many of the world’s premiere 
computer and workstation makers. 

They tell us we are the first 
supplier to complete this 
next generation of memory. 

We, in turn, see it as a 
significant milestone in the 
global effort toward elegance 
and power in computing. 

Of equal significance, 


Samsung’s completion of the 


The world’s first 16-meg DRAM. 


advance in areas as different as medicine and 
transportation, finance and filmmaking. 

The new generation will also, in short order, 
facilitate ever-more-capable notebook and palmtop 
computers. Computers that will make us more 
productive—and will also define the workplace in a 
whole new way. 

In the near future, more 
will be heard from Samsung. 

We are among the major 
makers of DRAMs in all 
organizations and densities, 
and we are an increasingly 
major supplier of sRAMs. 


We make a wide line of 
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of electronic components will benefit from this. 
Yet perhaps most important, is the fact that 

the 16-meg will indeed help the electronics 

community—in the u.s. and 
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(CTO) algorithm, automatically par- 
titions a design and maps it to the 
logic-emulation hardware in one 
pass. Earlier emulation systems re- 
quired multiple passes and user in- 
tervention in the design-compilation 
process. In addition, PiK added tim- 
ing synthesis that ensures correct 
hold time for design implementation 
in the emulator. 

Another big difference between 
the PiE and Quickturn products, 
says Malhotra, is in the hardware ar- 
chitecture (see the figure). The Mars 
II architecture is modular, and sepa- 
rates the debugging and emulation 
functions. The debugging function is 
a shared resource supporting sever- 
al emulation modules. Functions are 
added as they’re needed. Also, Mars 
II can support a mixed-FPGA emula- 
tion environment, so future emula- 
tion modules based on newer FPGA 
technology can co-exist with older 
modules on the same project. 

The Mars II logic-emulation fam- 
ily is made from a set of shared soft- 
ware and hardware modules. Soft- 
ware modules, which run on users’ 
workstations, include the compiler, 
emulation kernel, analyzer, and 
functional test. The compiler uses 
the CTO algorithm, FPGA technolo- 
gy information contained in the ker- 
nel, and hardware-interconnect tech- 
nology to partition designs and map 
them to hardware. The emulation 
kernel comprises the software core 
that manages both the FPGA data 
and hardware resources. In addition, 
the object-oriented kernel provides a 
graphical user interface based on X- 
Windows and Motif. Finally, the ana- 
lyzer controls and displays data for 
logic analysis, and the functional 
test verifies emulation system setup, 
providing another step for testing 
designs before beginning emulation. 

Three hardware modules help 
make up the Mars emulation system, 
the DebugWare unit, the Logic 
Block Module (LBM), and the Pods. 
The Debug Ware unit is a standalone 
part that supports three major func- 
tions. First, it acts as an emulation 
server that connects to an Ethernet 
LAN through its Ethernet interface, 
to connect many engineers in a team- 
oriented design emulation or proto- 


Eob £ CG fF 204 Na rc 


type project. Second, it acts as a logic 
analyzer, providing 2000 trigger 
states, 576 probing channels with 64 
kbits of storage per channel, and 
general-purpose probing. Last, as a 
functional tester, it supports datalog 
speeds (collecting and logging in 
data) up to 8 MHz with 64 kbits of 
storage. 

The LBM is a general-purpose, re- 
usable emulator based on the Xilinx 
4000 series of FPGAs. A typical LBM 
supports 25-k-gate designs in a sin- 
gle configuration, or 50-k-gate de- 
signs with a dual-LBM configura- 
tion, both at up to 8-MHz clock rates. 
Each LBM supports 720 pins and 8 
external clock sources. 

The Pods act as the electrical and 
mechanical link between the LBM 
and the target-hardware system. 
Special data and clock Pods provide 
the necessary buffering between the 
LBMs and the target system, and 
connect the two with lightweight, 
flexible cables. In addition, 12 mA of 
drive current meets most of today’s 
interface needs. 

Modularity is built into the Mars II 
hardware so users can add capabili- 
ties as needed. Although the current 
Mars product is built with the Xilinx 
4000 series of FPGAs, its architec- 
ture makes it possible to exploit the 
next generation of FPGA technolo- 
gy as it becomes available. Users can 
also mix older and newer technolo- 
gies to upgrade while protecting 
their existing investments. 


PRICE AND AVAILABILITY 
Available now, Mars IT is offered as a pack- 
age consisting ofan emulation base and a 
debug base. Pricing varies depending on 
configuration. For example, a Mars II sys- 
tem with 50k gates, 100-pin emulation con- 
figuration, and 200 probes for debugging, 
costs $98,000 for the debug base and 
$108,000 for the emulation base. The debug 
base can be expanded in 100-probe incre- 
ments that cost $20,000 each. The emula- 
tion base can be expanded in 25k-gate in- 
crements costing $54,000 each. 

PiE Design Systems Inc., 757 N. Mary 
Ave., Sunnyvale, CA 94086-2909; (408) 738- 
8899. CIRCLE 531 
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signal measurement applications on a PC. The heart of the 32-bit board 


a 1. WITH THE DT3801 FAMILY, users can run mixed- 


is the TI TMS320C40 floating-point digital-signal processor. 


PC/AT BOARDS SUPPLY SYNCHRONIZED ANALOG AND 
DIGITAL STIMULI WHILE MEASURING ANALOG AND 
DIGITAL RESPONSE OF DEVICE UNDER TEST. 


PROCESS ANALOG AND DIGITAL 
SIGNALS ON A PC 


RICHARD Nass 
ngineers working | Translation’s first attempt at a 
with personal com- | mixed-signal board. 
puters typically have Mixed-signal boards similar to the 
no trouble acquiring | DT3801 series do exist, but none op- 
analog or digitaldata | erate in the PC environment, and 


from their data-ac- 
quisition system. But they do have 
problems getting both analog and 
digital data at the same time. Data 
Translation has solved this dilemma 
with its DT3801 series boards. The 
mixed-signal simulation boards sup- 
ply synchronized analog and digital 
stimuli while concurrently measur- 
ing the analog and digital response 
of a system under test. All subsys- 
tems can be clocked synchronously 
or totally independently. This is Data 


EGELECTRONIC 


most are aimed at the audio market. 
Some configurations contain digital- 
to-analog and analog-to-digital con- 
verter boards tied to a dedicated digi- 
tal I/O board that can output digital 
patterns, but they can’t supply syn- 
chronized analog and digital stimuli 
and capture a synchronized analog 
and digital response all on the same 
board. 

The DT3801 family consists of 
three boards, the 3801-G, the 3808, 
and the 3809, each differing in reso- 
DA 8. Ee, 
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lution, throughput, and I/O arrange- 
ment. Each board is based on the 
Texas Instruments’ TMS320C40 32- 
bit floating-point digital-signal pro- 
cessor. This part supplies the digital 
output (Fig. 1). The 320C40 contains 
six communication ports which Data 
Translation uses for multiprocessor 
arrangements. One of the ports can 
be multiplexed to communicate with 
additional 320C40s. Linking one 
320C40 communication port to the 
communication port of a second 
320C40 gives five extra communica- 
tion ports by default. 


Tiz— DSP To DMA 


The DSP chip comes with a six- 
channel intelligent DMA controller 
that can be tied to each communica- 
tion port. Hence, data doesn’t have to 
be moved back and forth between 
320C40 processors. This arrange- 
ment suits random data movement 
throughout each board. While each 
board employs all six communication 
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ports, it can also switch one port off 
to apply it toa second board for accel- 
eration purposes. 

The 3801-G board offers a resolu- 
tion of 12 bits, a throughput of 250 
kHz, eight differential input chan- 
nels, and comes with antialiasing fil- 
ters. The 3808 board has a resolution 
of 16 bits, a throughput of 160 kHz, 
eight differential input channels, 
and simultaneous sample-and-hold 
capability. The 3809 board features a 
resolution of 12 bits, a throughput of 
1 MHz, and 16 single-ended or 8 dif- 
ferential input channels. 

Data Translation’s designers paid 
particular attention to the design of 
each board’s memory subsystem, es- 
pecially the memory hierarchy and 
how communications should take 
place with the host. The boards’ stan- 
dard configuration includes 128 
kbytes of zero-wait-state SRAM, 
which becomes the primary program 
execution area. 

The boards will accommodate vari- 


Global bus 


Local bus 


Synchronization 
= bus r 


2, MEMORY CAN BE EXP ANDED on Data Translation 8 s DT3801 tae al staat atts = adding 
Data Translation will initially offer three modules: the EX1, EX2, and EX3. The EX1 supplies 4 Mbytes of DRAM while the EX2 supplies 16 
Mbytes. The EX3 adds 4 Mbytes of DRAM plus EPROM for loading applications directly from the daughterboard. 
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ous mezzanine cards. Initially, just 
memory cards will be available, serv- 
ing as the primary data-storage 
space (Fig. 2). Here, users can down- 
load waveforms from the host and 
then operate directly from the 3801’s 
on-board memory. An 8-kbyte non- 
volatile SRAM is also included so 
that once a device is configured, all 
configuration data is retained. Users 
can boot either directly from a PC or 
from one of the mezzanine cards. For 
an application in a harsh environ- 
ment, such as on a factory floor, it 
would be more appropriate to boot 
from the card so rotating media 
could be eliminated. 

The boards offload the task of 
data processing from the host. Once 
the program is downloaded to the 
board, it operates independently of 
the host. Typical data-acquisition 
boards acquire data into system 
memory, then let the PC processor 
handle it. But that processor typical- 
ly isn’t suited for intensive algorith- 
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Intels new RapidCAD 
CoProcessor will help your 
1386 PC draw 70% faster. 
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So youll stop kill 


Daal Wait, wait, 


Engineering 
irs 


wait. Do you 
ever get the 
feeling that’s all 


you do when 
your PC is running CAD software? 
Annoying, isn’t it? 


Well, pardner, the wait is over. 
At least a good portion of it. Be- 
cause now there is new Intel 
RapidCAD™—the industry’s first 
Engineering CoProcessor. This 
powerful two-chip set replaces both 
your 1386™DX CPU and your 


1992 Intel Corporation. i386, 1387 and RapidCAD are trademarks of Intel Corporation. Outside of the U.S. or Canada call 1-503-629-7354 


i387™DX Math CoProcessor, to make 
your PC quick on the draw. 

Designed specifically to acceler- 
ate PC CAD and other technical 
applications, the RapidCAD Engin- 
eering CoProcessor will help you 
realize productivity gains of up to 


70% on certain CAD func- 
tions. Or to put it in dollars 


and cents, by saving you an 
hour a day, the RapidCAD 
Engineering CoProcessor aah ee am fon pee) 


will pay for itself in no time. 


the world’s leader in micro- 
processor technology, it’s 
compatible with plenty of 
technical applications—over 
2,100 at last count. 

So call 1-800-538-3373 


Naturally, since it’s made by Intel, for an informative Intel RapidCAD 
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Engineering CoProcessor brochure. It'll 
give you something good to read while 
you're waiting for your PC to redraw. 


intel. 


mic processing. Using the 3801, the 
data can be preprocessed by the 
320C40 prior to sending it to the host. 
The 3801’s DMA interface contains 
16 bits, but 16 or 32 bits can be selec- 
tively passed from the DSP chip’s 
memory space into the host. If it’s a 
32-bit quantity, the interface logic 
essentially makes two transfers to 
the host. 


DOS Anp WINDOWS 


Initially, the boards will operate in 
the native DOS environment. A Win- 
dows 3.0 version will follow shortly. 
The Windows version will be fully 
compliant with the company’s re- 
cently announced DT-Open Layers 
specification (ELECTRONIC DESIGN, 
Feb. 6, p. 30). The design philosophy 
that was implemented for the soft- 
ware offered an easy migration path 
from the DOS product to a Windows 
product. Respinning it to work under 
Windows didn’t require a major 


You Need 
‘Tree City USA 


Gy trees add the soft touch 
of nature to our busy lives. 
They cool our cities, fight pollu- 
tion, conserve energy, give 
wildlife a home, and make our 
neighborhoods more liveable. 
You can make a difference — 
by planting and caring for trees 
in your yard and in your neigh- 
borhood, and by encouraging 
your city government's commu- 


nity forestry program. 

Support Tree City USA where 
you live. For your free booklet, 
write: Tree City USA, The 
National Arbor Day Foundation, 
Nebraska City, NE 68410. 


ern 
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overhaul. 

Though Data Translation sees 
many engineers moving toward the 
Windows environment, it anticipates 
concerns regarding sustainable per- 
formance while operating under 
Windows, especially when transfer- 
ring large blocks of data using direct 
memory access. In a Windows envi- 
ronment, there’s a fixed DMA buffer 
size that degrades sustainable per- 
formance into system memory. Win- 
dows offers other inherent advan- 
tages, though, such as the ability to 
open multiple applications. But most 
users looking for pure performance 
should stick to the DOS version. 

The board’s objective is to rapidly 
move data so the 320C40 is free to do 
the intense algorithmic number 
crunching. Data Translation’s de- 
signers worked with the SPOX oper- 
ating system because it fit well with 
the architecture. SPOX, an industry- 
standard real-time DSP operating 
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system from Spectron Microsys- 
tems, Santa Barbara, Calif., supplies 
a multiprocessing kernel as well as 
device independence so that each 
subsystem looks the same from the 
SPOX vantage point. Hence, the di- 
rect memory access can be coordi- 
nated with just one or two calls from 
the application-programmer’s level. 
In addition, SPOX supplies an exten- 
sive math library of DSP functions 
that can operate on the data. 

Initially, three of Data Transla- 
tion’s existing daughterboards were 
ported to the 3801 family—others 
will follow. The EX1 contains 4 
Mbytes of DRAM and the EX2 sup- 
plies 16 Mbytes of DRAM. The EX3 
supplies 4 Mbytes of DRAM, butalso 
adds EPROM that’s used for booting 
applications from the daughter- 
board. The expansion memory can 
store output waveforms or acquired 
samples. It can also be used as a sec- 
ondary program execution area for 
large applications. When the compa- 
ny decides to include a connection to 
DT-Connect II, it'll come through a 
module. 

Other features of the boards in- 
clude dual bidirectional message 
queues and a built-in nonvolatile 
real-time clock that time-stamps 
data sets in case a critical event oc- 
curs. A single 4-bit static digital I/O 
port controls external equipment 
when using the dynamic digital input 
and output subsystems in clocked 
mode. Two 16-bit counter-timers are 
included for rate generation and 
event counting. And a JTAG test 
port supplies full emulation support 
during application development. 


PRICE AND AVAILABILITY 
All three boards in the DT3801 family are 
priced at $5995. The DOS version will be 
available by the end of the summer and the 
Windows 3.0 version will come several 
months later. The EX1 expansion module 
costs $995 each. Prices have not yet been set 
for the EX2 and EX3 modules. 
Data Translation Inc., 100 Locke Dr., 
Marlboro, MA 01752; (508) 481-3700. 
CIRCLE 514 
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How VALUABLE? 
HIGHLY 


MODERATELY 
SLIGHTLY 


DESIGN 


LAST SEPTEMBER, 83 MILLION PEOPLE 
DESPERATELY WANTED A DEMONSTRATION OF 
OUR FINEST LOGIC ANALYZER. 


Only one logic analyzer could have brought the most crippling communications failure in U.S. history to a swift conclusion. 
The new DAS/SE from Tektronix. With 200 MHz synchronous clocking, thousands of cycles of memory depth, and literally 


hundreds of channels, the DAS/SE is without question the fastest and most powerful logic analyzer around. And with 11 


different stimulus & acquisition modules, it can be configured to solve any of your digital debug 
problems. For a personal demonstration, call Tektronix today and ask about the DAS/SE. The logic 


analyzer that could very well prevent another banner year. TALK TO TEX/1-800-426-2200 EXT. 73 


CIRCLE 192 FOR U.S. RESPONSE 
= CIRCLE 193 FOR RESPONSE OUTSIDE THE U.S. 
Tektronix 


Test and Measurement 


All product names, brands, and trademarks are trademarks of 
57W-188398 Copyright © 1992, Tektronix, Inc their respective owners. Newspaper headlines are simulated 


NEW PRODUCTS 


DIGITAL ICs 


HIGHLY INTEGRATED CACHE-TAG RAMS 
PERFORM MATCHES IN 12 NS pave Bursky 


he first cache-tag RAMs to 

offer 18-bit-wide outputs, 

the CY7B180 and 181 chips 

also integrate more of the re- 
quired system-support logic onto the 
memory chip than other cache-tag 
memories. Organized as 4 kwords by 
18 bits, the BiCMOS memories also 
have the fastest address-to-match 
times—just 12 ns—as well as 15-ns 
tag RAM access times. Those short 
times allow cache subsystems to op- 
erate at system clock speeds of 50 
MHz. As a result, the chips are at- 
tractive for RISC as well as CISC 
system designs and for use even as 
cache data RAMs. 

A typical cache containing 128 
kbytes of storage and employing a 
32-byte line size requires a 15-bit tag 
address. Now, witha single chip, not 
only can the 15-bit address (16 bits 
maximum) be supported, but the 
memory chips also have two addi- 
tional bits that provide status infor- 
mation for each cache entry. Valid 
and dirty flags, for example, are im- 
plemented with the 7B181, which is 
optimized for uniprocessor applica- 
tions. The 7B180 was optimized for 
multiprocessor system architec- 
tures and leaves the two bits uncom- 
mitted, allowing users to define their 
function. Previously two 8-k-by-8 or 
four 4-k-by-4 RAMs were required to 
provide the same capability. 

To save designers board space, de- 
sign effort, and improve perfor- 
mance, designers incorporated the 
cache status validation and chip-se- 
lect decoding on the memory chips. 
That typically eliminates several ad- 
ditional circuits typically required in 
cache subsystems. For starters, the 
chips eliminate the need for a sepa- 
rate memory to store the valid and 
dirty status bits or the MESI (modi- 
fied, exclusive, shared, invalid) sta- 
tus bits in multiprocessing systems. 
Further, by incorporating the decod- 
ing logic the 7B180 and 181 allow de- 
signers to cascade up to four chips 
(16 k lines of cache tag) without any 
performance penalty typically en- 
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RAM 


CHIP SELECT 
DECODING 
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MATCH 
QUALIFICATION 
LOGIC PLD 


countered with off-chip decoding. 

Both ICs operate in clock or latch 
mode and have separate compare 
data and data ports, which allow the 
chips to perform a comparison and 
simultaneously read out the selected 
tag data in a single clock cycle. That 
improvement in memory architec- 
ture typically saves at least one clock 
cycle over previous cache-tag ap- 
proaches. The older approach often 
requires two cycles to compare and 
read out tag data during a copy-back 
cache miss. The ICs’ input address 
and data latches allow the memories 
to be easily integrated into pipelined 
architectures. 

Both chips are also the first to of- 
fer independent access to the tag and 
status fields in the memory arrays. 
Such access capability eliminates the 
need to read out tag data and write it 
back into the tag memory when only 
the status bits must be changed. A 
separate I/O data port allows the 
transfers without interfering with 
the other operations of the chips. 

To better support uniprocessor ap- 
plications, the CY7B181 employs the 
Valid cache-status bit to qualify its 
Match Address signal. That elimi- 
nates the need for external logic to 
perform the qualification, and thus 
DES 
APRIL2, 1992 


improves overall response time. Cir- 
cuits on the chip also allow all the val- 
id bits to be cleared in only two cy- 
cles, rather than one bit per cycle. 
That allows the cache to be flushed 
faster and eliminated the need for an 
external resettable RAM. Write hits 
cause the chip’s dirty bit to be set 
automatically, thus saving several 
cycles since the processor doesn’t 
have to wait while the cache control- 
ler sets the tag’s dirty bit. 

The 7B180 chip, which is aimed at 
multiprocessor systems, has slightly 
different control logic. The user can 
define the two status bits to imple- 
ment up to four states for the MESI 
protocol, ensuring cache coherency. 

When running at top speed, the 
chips consume about 1.3 W. The 
chips can be housed in 68-lead plastic 
leaded chip carriers, leadless chip 
carriers, or ceramic pin-grid-array 
packages. The 7B180 and 181 come in 
12-, 15- and 20-ns speed grades. In 
PLCC versions, the 7B180 and 181 in 
hundreds sell for $72.05, $48.20, and 
$40.05 apiece, respectively. Samples 
are available now. 

Cypress Semiconductor Corp., 
3901 N. First St., San Jose, CA 
95134; Paul Fechtelkotter, (408) 943- 
2600. CIRCLE 460 
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NONVOLATIVE RAMS STORE 


DATA 100 YEARS 


wo nonvolatile RAMs from Xi- 

cor automatically transfer stat- 

ic RAM data bit for bit to an on- 
chip EEPROM at power down and 
automatically reload the preserved EE- 
PROM data into RAM when power is 
restored. Both CMOS, floating-gate de- 
vices complete a store operation in 5 ms 
or less. The EEPROM, which retains 
data for 100 years or more, is specified 
for 1 million store cycles. The RAM has 
unlimited write operations. The 
X20C16 2-kword-by-8-bit NOVRAM is 
available with 35-, 45-, and 55-ns access 
times. Data recall from EEPROM 
takes 10 ps or less. The 5-V chip draws 
100 mA active current and 250 wA in 
standby. In thousands, the 55-ns part is 
available now in the commercial tem- 
perature range for $19.69 and $18.71 
each in 28-pin Cerdip and plastic DIP 
packages, respectively. The Mil-Std- 


PROGRAMMABLE CLOCK IC 
GENERATES 275 MHZ 


Implementing an on-chip phase-locked 
loop that generates timing signals of 
up to 275 MHz, the Bt440 programma- 
ble clock chip from Brooktree can sup- 
ply timing signals for high-resolution 
graphics monitors. An enhanced ver- 
sion of the Bt438, the Bt440 clock chip’s 
programmable nature lets it take ad- 
vantage of a low-frequency crystal. 
Then the chip can multiply the basic 
clock frequency by a factor of 8, 16, 20, 
or 32 to generate the pixel clock signals 
that drive the RAMDACs. 

As a result, the programmability al- 
lows a single crystal to generate timing 
for 1152-by-900, 1280-by-1024, and 1600- 
by-1280 pixel monitors with less than 1- 
ns of jitter. The chip also generated 
four load clocks at one-fourth the clock 
speed to drive the external video 
RAM’s additional RAMDACs. That al- 
lows the use of the same frame buffer 
architecture across different monitors 
or platforms. A reset function included 
in the programmable clock chip allows 
it to fix the number of pipeline levels 
for the company’s RAMDACs. Housed 
in a 28-lead PLCC, the Bt440 program- 
mable clock chip sells for $25 apiece in 
lots of 100. Samples of the clock chip 
are immediately available. 

Brooktree Corp., 9950 Barnes Canyon 

Rd., San Diego, CA 92121; Allyn Pon: 

(619) 452-7580. 


883 Cerdip costs $49.23 in the same 
quantity. 
Xicor’s X24C45 serial NOVRAM has 

a 16-word-by-16-bit static RAM over- 
laid with an EEPROM array. It has 2- 
ps or less recall. Active current is 10 
mA; standby current is 50 A. The 
chip’s serial port is compatible with sin- 
gle-chip microcomputers such as the 
COPS from National Semiconductor 
Corp. and the 8051. Package options 
are 8-pin miniDIP and 8-lead SOIC. In 
the commercial temperature range, 
1000-piece prices are $1.44 and $1.55 
each for the DIP and SOIC packages, 
respectively. Industrial temperature 
range pricing is $1.68 and $1.85 each in 
the same quantities for the plastic and 
SOIC packages, respectively. 

Xicor Inc., 851 Buckeye Ct., Milpi- 

tas, CA 95035-7493; (408) 432- 

8888. 

M@ MILT LEONARD 


MCU DEVELOPMENT TOOLS 
TRIM START-UP COST 


Aimed at reducing the cost of develop- 
ing applications, a starter kit for the 
ST6210 and 6215 8-bit microcontrollers 
takes advantage of low-cost PC AT- 
compatible computers. The kit consists 
of a small development board/pro- 
grammer for the EPROM versions of 
the microcontrollers, a cable to tie the 
board into the PC’s printer port, soft- 
ware for the user-supplied PC, data 
books and four EPROM-based MCUs. 
The software consists of an assembler, 
linker, simulator, and the interface to 
drive the programmer. Several soft- 
ware application modules that users 
can copy and link into their applications 
are also included. The ST6210/6215 
controllers include 64 bytes of data 
RAM, an 8-bit timer with 7-bit prescal- 
er, a watchdog timer, and an &-bit a-d 
converter with either 8 (6210) or 16 
(6215) analog inputs. The ST6210 comes 
in a 20-pin package and has 12 program- 
mable I/O lines; the 28-pin ST6215 has 
20 progammable I/O lines. Both chips 
come with 2 kbytes of UV-EPROM 
storage and for production, the chips 
can be had in ROM-based or one-time 
progammable options. Kits for either 
the 6210 or 6215 sell for $299 apiece. 
SGS-Thomson Microelectronics, 1000 
E. Bell Rd., Phoenix, AZ 85022; Gra- 
ham Trickey: (602) 867-6100. 
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At Pacific Hybrid, we do it all — and 
then some. Truth is, we can 
meet virtually all of your hybrid 
product needs, packing maximum 
performance into the smallest 
possible package — up to 10 times 
smaller than other technologies. 
Faster turnaround. 

Lower overall costs. 


Who could ask for anything more? 
Feel free: just call us at 


1-800-622-5574 Dept. ED2 
PACIFIC HYBRID 


MICROELECTRONICS 
We do small miracles: 
10575 SW Cascade Blvd. Portland, OR 97223 
(503) 684-5657 FAX (503) 620-8051 
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Within budget. 
Without compromise. 


The value of this 100 MHz 

digital scope is easy to see. 

Take a close look at the HP 54600 

oscilloscope, and you can’t help but 

notice certain things. 

| @ | HEWLETT S46oin ' It looks and feels like an analog 
Phin OSCILLOSCOPE 4 CHANNEL =| scope, with dedicated knobs and 


— D a display that responds instantly to 
a EG _ a your control changes. Yet it has all 
oe the digital power that analog can’t 


Trace = . . . 
ie give you—high accuracy, automatic 
measurements, hard copy output 
and programmability. And superior 
a viewing of virtually any waveform 


amen | eee even at low rep rates and slow 
sweep speeds. 

But what really stands out is 

that the HP 54600 gives you this 
performance for just $2,895 
(4-channel) and $2,395 (2-channel 
version)*. And that’s a value worth 
looking into. 


‘DO For more information, or same- 
day shipment, call HP DIRECT, 
1-800-452-4844** Ask for Ext.T506. 
And we'll send you a data sheet. 

HP 54600 Digital Oscilloscope 
No. of channels — 
Bandwidth 
Timebase accuracy 


Vertical accuracy 


* U.S. list price 
** Tn Canada call 1-800-387-3867, Dept. 435 


There is a better way. 


Cd eackano 
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FAMILY OF GAAS LOGIC CHIPS 


CLOCKS AT 10 GHZ 


laiming the highest operating 
frequency for any family of log- 
ic chips, the NLG41xx and 42xx 
family of gallium-arsenide logic cir- 
cuits has a maximum clock input fre- 
quency of 10 GHz. Like the previously 
available GaAs logic chips from NTT 
Electronics Technology Corp., Tokyo, 
and offered in the U.S. by KBK, the 
new family can tie directly into either 
ECL or source-coupled FET logic and 
operates from a single -3.5-V supply. 
Eleven chips are planned for both the 
41xx and 42xx families. Chips in the 
families have signal rise and fall times 
in the 35- to 55-ps range, depending on 
the chip. Initial functions to be released 
include the 4120 1:2 clock distribution 
circuit; the 4119, a two-input AND/ 
NAND gate; the 4101, a master-slave D 
flip-flop; the 4103, a two-input XOR/ 
XNOR gate; the 4115, a 2:1 input selec- 
tor; and the 4122, a 1:2 demultiplexer 
with reset. All of the chips have maxi- 
mum operating frequencies of 10 GHz 
except for the 4115, which has a maxi- 
mum speed of 18 Gbits/s. All the 41xx- 
family chips come in 28-lead TB-28 ce- 


ramic leaded packages that can be sur- 
face-mounted. 

In the NLG42xx series are more com- 
plex functions—the 4219, a 1:4 demulti- 
plexer with reset, and the 4218, a 4:1 
multiplexer with reset. They are 
housed in 32-lead ceramic surface- 
mountable packages (type SE-32). 
Functions not yet available but slated 
for release later this year include a T 
flip-flop, a 2:1 multiplexer, and a two- 
input OR/NOR gate. 

Power consumption for the 41xx 
family ranges from 1.8 W for the 
NLG4103 to about 2 W for the 
NLG4122. The 4219 and 4218 have re- 
spective power drains of 2.7 and 3 W. 
Samples of most chips are now avail- 
able and range in price from $1500 to 
$3000 apiece in small quantities. The 
older NL45xx, 46xx, and 47xx series 
chips have operating frequencies that 
range from 2 to 8 GHz, and prices that 
range from $400 to $1600/chip. 

KBK Inc., Paramount Plaza, Ste. 
1206, 3550 Wilshire Blvd., Los An- 
geles, CA 90010; (213) 389-9406. 
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FFT PROCESSOR FITS ON ONE CHIP 
DOES 1024 POINTS IN 97 pS 


self-contained processor that 

performs fast Fourier trans- 

forms, the PDSP 16510 can act 
as a Stand-alone signal processor or as 
a slave processor to a host system. The 
chip’s internal memory can hold data 
sets for up to 1024 real or complex 
points and can compute a full 1024- 
point complex FFT in just 97 ys. That 
speed is equivalent to a processor deliv- 
ering 450 MIPS and a data sampling 
rate of 6.8 MHz. The GEC Plessey FFT 
processor can also perform 16, 64, and 
256-point transforms. Up to six FFT 
chips can also be connected in parallel 
to achieve even higher thoughputs and 
boost the data sampling rate to a maxi- 
mum of 40 MHz. 

Data and coefficients are both repre- 
sented by 16-bit words. And block float- 
ing-point computations are done to ex- 
tend the dynamic range of the FFT 
chip. The large internal RAM that holds 
the data points removes the memory- 
transfer bottleneck in building-block 
approaches that use off-chip memory. 


When operated in its continuous mode, 
the FFT processor simultaneously em- 
ploys three on-chip control units that 
concurrently allow new data to be load- 
ed, current data to be transformed, and 
previous results to be output. No exter- 
nal buffering is needed for transforms 
of up to 256 points—the PDSP 16510 
can be connected directly to an a-d con- 
verter and operate continuously. Data 
blocks can be overlapped by either 0, 
50%, or 75%, 

When processing complex data, the 
circuit delivers the real and imaginary 
components of the frequency bins. 
Those values can be fed directly into a 
circuit such as the PDSP 16380 Pythag- 
orean processor to derive the magni- 
tude and phase angle directly from the 
data. The PDSP 16510 comes in an 84- 
lead pin-grid-array package. In thou- 
sands the chip sells for $595 apiece. 
Samples are available from stock. 

GEC Plessey Semiconductors, 1500 
Green Hills Rd., Scotts Valley, CA 
95067; (408) 438-2900. 
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There’s just one place to go for 
next-generation hybrid performance 
that’s priced right, right now: 
Pacific Hybrid. Because now we offer 
unbeatable 2-mil line, 3-mil space 
ceramic multichip module performance, 
thanks to a unique transfer tape 
technology that also improves reliability, 
turnaround time and overall costs. 


So when you're looking for an MCM 
that’s really dense, get smart. Call us at 


1-800-622-5574 Dept. EDI. 
PACIFIC HYBRID 


MICROELECTRONICS 
We do small miracles: 


10575 SW Cascade Blvd. Portland, OR 97223 
(503) 684-5657 FAX (503) 620-8051 
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FAST PLDS CUT DELAYS 
TO 7.5 AND 10 NS 


Employing electrically erasable config- 
uration cells, the PALCE16V8 and 
PALCE22V10 are fast, direct replace- 
ments for the popular 20-pin GAL and 
24-pin 22V 10 devices. The 7.5-ns propa- 
gation delay of the 16V8H-7 suits it for 
systems with clock speeds of 100 MHz, 
making it one of the fastest GAL de- 
vices available. It is also pin, function, 
and fuse-map compatible with the GAL 
devices. With its 10-ns propagation de- 
lay, the 22V10H-10 allows system 
speeds to hit 88 MHz, the highest speed 
yet for a CMOS implementation of the 
22V10 architecture. The PAL- 
CE22V10H-10 comes in 28-lead PLCCs 
and 24-pin DIPs and sells for $14.60 
apiece in 100-unit lots; the PAL- 
CE16V8H-7 comes in 20-lead PLCCs 
and DIPs and sells for $5.25 apiece in 
100-unit lots. Both chip types are avail- 
able from stock. 
Advanced Micro Devices Inc., 901 
Thompson Place, P. 0. Box 3453, Sun- 
nyvale, CA 94088-3453; (408) 749- 
5703. 
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DIGITAL ICs 


SPACE-SAVING PACKAGE 
DOUBLES VRAM DENSITY 


By squeezing two chip cavities onto a 
single vertical-in-line ceramic package, 
the MVM8256V doubles the effective 
storage density of systems employing 
1-Mbit video RAMs. Military and indus- 
trial versions of the 40-pin 2-Mbit mem- 
ory have access times of 100, 120, or 150 
ns on the DRAM port and 25 to 35 ns for 
the video port. The 0.1l-in-wide VIL 
package occupies minimal board space 
and short of a multichip module offers 
the highest memory packaging density 
for military applications. The fastest 
speed grade, processed to Mil-Std-883, 
sells for $310 apiece in hundreds. Pro- 
duction quantities will be ready 8 to 10 
weeks after ordering. 

Mosaic Semiconductor Inc., 7440 Car- 

roll Rd., San Diego, CA 92121; John 

Guerrero: (619) 271-4564. 


32-BIT-WIDE FIFO 
MEMORY PACKS 32 KBYTES 


Organized as 1 kword by 32 bits, the 
PDSP 16540 first-in/first-out memory 


can serve as a flexible data buffer in 
any wide word system. Designed to 
support the GEC Plessey PDSP 16510 
fast-Fourier transform processor, the 
FIFO memory nonetheless can tie into 
most CPUs. The PDSP 16540 FIFO 
memory can sustain data-read rates of 
up to 40 MHz from the read port and 
data-write rates of up to 16 MHz on the 
write port. 

The number of words that can be 
read as a sequential block can be pro- 
grammed in multiples of 32 words, up 
to a maximum of the entire 1024-word 
address space. Furthermore, a user can 
define the number of words to be re- 
read before new data is added. As a re- 
sult, a designer has at hand a versatile 
solution for data-block overlapping—a 
technique often used in FFT process- 
ing. The wide 32-bit input and output 
buses afford fast data movement. 
Housed in an 84-lead pin-grid-array 
package, the CMOS chip sells for $211 
apiece in thousands. Samples are avail- 
able from stock. 

GEC Plessey Semiconductors, 1500 

Green Hills Rd., Scotts Valley, CA 

95067; (408) 438-2900. 


ADVERTISEMENT 


Small Company’s New Golf Ball Flies Too 
Far; Could Obsolete Many Golf Courses 


Pro Hits 400-Yard Tee Shots During Test Round 
Want To Shoot An Eagle or Two? 


TV advertising is too expensive to buy on your own, at 
least for us. 

““Now, you’ve seen how far this ball can fly. Can you 
imagine a pro using it on TV and eagle-ing par-fours? It 
would turn the course into a par-three, and real men 
don’t play par-three’s. This new fly-power forces us to 
sell it without relying on pros or pro-shops. One way is 
to sell it direct from our plant. That way we can keep 
the name printed on the ball a secret that only a buyer 
would know. There’s more to golf than tournaments, 
you know.” 

The company guarantees a golfer a prompt refund if 
the new ball doesn’t cut five to ten strokes off his or her 
average score. Simply return the balls — new or used — 
to the address below. ‘‘No one else would dare do that,” 
boasted the company’s director. 

If you would like an eagle or two, here’s your best 
chance yet. Write your name and address and “Code 
Name S” (the ball’s R&D name) on a piece of paper and 
send it along with a check (or your credit card number and 
expiration date) to National Golf Center (Dept S-203), 
500 S. Broad St., Meriden, CT 06450. Or phone 203-238- 
2712, 8-8 Eastern time. No P.O. boxes, all shipments are 
UPS. One dozen “S” balls cost $24.95 (plus $3.00 shipping 
& handling), two to five dozen are only $22.00 each, six 
dozen are only $109.00. You save $55.70 ordering six. 
Shipping is free on two or more dozen. Specify white or 
Hi-Vision yellow. 


By Mike Henson 


MERIDEN, CT — A small golf company in 
Connecticut has created a new, super ball that flies like 
a U-2, putts with the steady roll of a cue ball and bites 
the green on approach shots like a dropped cat. But 
don’t look for it on weekend TV. Long-hitting pros 
could make a joke out of some of golf’s finest courses 
with it. One pro who tested the ball drove it 400 yards, 
reaching the green on all but the longest par-fours. 
Scientific tests by an independent lab using a hitting 
machine prove the ball out-distances major brands 
dramatically. 

The ball’s extraordinary distance comes partly from 
a revolutionary new dimple design that keeps the ball 
aloft longer. But there’s also a secret change in the core 
that makes it rise faster off the clubhead. Another 
change reduces air drag. The result is a ball that gains 
altitude quickly, then sails like a glider. None of the 
changes is noticeable in the ball itself. 

Despite this extraordinary performance the com- 
pany has a problem. A spokesman put it this way: ‘‘In 
golf you need endorsements and TV publicity. This is 
what gets you in the pro shops and stores where 95% 
of all golf products are sold. Unless the pros use your 
ball on TV, you're virtually locked out of these outlets. 
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VIDEO-BAND IC OP AMP ADDS 
60-DB OF DC GAIN CONTROL 


lean gain control of wideband or 

fast signals—no trivial task— 

becomes especially difficult if 
the wideband signal source is remote 
from the site of the gain-setting signal. 
This holds true whether it is fixed or 
variable, manual or system generated. 
And as the required bandwidths for 
video and fast precision pulses climb to 
new highs, “remote” can come to mean 
a few inches of printed-circuit board. 
Linear Technology’s LT1228 video- 
band op amp IC supplies that remote 
gain-control function. 

This IC, in its 8-pin DIP, consists of a 
differential-input, variable transcon- 
ductance (current-to-voltage or g,,,) am- 
plifier ahead of the company’s 100-MHz 
current-feedback op amps, the LT1229 
and LT1230. The gain of the transcon- 
ductance stage is varied 60 dB by 
changing the current into its Igpp pin 
from 1 wA to 1 mA. The current can be 
“set” by a fixed or variable resistor 
connected to a fixed or variable volt- 


age. Or a voltage or current-output d-a 
converter can control the current via 
digital words from a host microproces- 
sor or microcontroller. 

The g,, stage provides a small-signal 
bandwidth from de to 75 MHz, nicely 
complementing the 100-MHz current- 
feedback op amp that follows it. The 
current output of the g,, stage drives 
an on-chip resistor. The signal voltage 
developed across it is applied to the plus 
input of the op amp. This op amp input, 
as well as the minus input are brought 
out to pins on the IC for setting gain 
independently of the gain of the g,, 
stage. The characteristics of the op 
amp are virtually identical to those in 
the LT1229 and LT1230. The LT1228 
can also be used to build video faders, 
AGC amplifiers, tunable filters, and os- 
cillators. In quantities of 100, they cost 
$3.95 each. 

Linear Technology Corp., 1630 Mc- 
Carthy Blvd., Milpitas, CA 95035- 
7487; (800) 637-5545 
@ FRANK GOODENOUGH 


150-MHZ RGB AMPLIFIER-SYSTEM 
IC FEEDS HIGH-RESOLUTION CRTS 


ith the use of National’s 

LM1204 RGB (red-green- 

blue) three-channel video 
amplifier, designers can cut the dimen- 
sions of a driver board for high-resolu- 
tion color CRTs from 11 in. by 11 in. to 
just 5 in. by 5 in. As a result, the board 
can fit next to the neck of the CRT. The 
LM1204 amplifier cuts board size by 
slashing the number of discrete compo- 
nents required on the board. Each of 
the 3.5-V pk-pk RGB outputs of the IC 
sports a 3-dB bandwidth of 150 MHz, 
while providing up to 20 dB of gain for 
each channel. 

Each output is designed to feed the 
typical discrete-transistor video ampli- 
fier used to drive the CRT’s cathodes. 
That performance lends it to monitors 
for XGA (1024 by 768 pixels), VESA, 
and CAD (1280 by 1024 pixels), and even 
1600 by 1280-pixel systems. The small- 
er board not only saves space, but also 
simplifies board design and cost (parts, 
manufacturing, and test), and makes it 
easier to shield the circuit from inter- 
ference. A true system-on-a-chip, the 
LM1204 amplifier system IC further 


cuts board size by processing all the 
other signals feeding the CRT. 

Besides three matched RGB amplifi- 
ers, the amplifier IC contains a de-volt- 
age-controlled contrast control, de- 
voltage-operated drive control for each 
amplifier, and a dual clamping system 
for both brightness control and video 
blanking. 

The chip also contains a back-porch 
clamp-pulse generator activated by an 
external =-H/HV sync or composite 
video signal. The IC runs off 12 V and 
the de control voltages are from 0 to 4 
V, easily generated with 8-bit digital-to- 
analog converters from a serial digital 
bus. The commercial grade LM1204 
comes in a 44-pin PLCC and goes for 
$6.85 in hundreds. A military version is 
expected in the fall. The LH2426 IC, a 
three-channel high-voltage CRT driv- 
er—for use between the LM1204 and 
CRT cathodes—is expected to be re- 
leased shortly. 

National Semiconductor Corp., 
P.O. Box 58090, Santa Clara, CA 
95052-8090; Peter Himes, (408) 721- 
7517. 

@ FRANK GOODENOUGH 
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DEMANDS BY 


It’s no big surprise: at Pacific Hybrid, 
we offer all the latest fine pitch 
surface-mount technologies you need 
to squeeze more performance out of 
less board space. Along with 
world-class manufacturing, we also 
offer the turnkey solutions and JIT 
economies needed to meet your tightest 
scheduling and budget demands. 


Bottom line: it pays to get us 
on the line, so call. 


1-800-622-5574 Dept. ED3. 
PACIFIC HYBRID 


MICROELECTRONICS 
We do small miracles: 


10575 SW Cascade Blvd. Portland, OR 97223 
(503) 684-5657 FAX (503) 620-8051 
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IC PLL SYNTHESIZES 
FREQUENCIES TO 1.1 GHZ 


The CMOS MC145191 phase-locked 
loop synthesizes clock frequencies to 
1.1 GHz. Its phase/frequency detec- 
tors are optimized for operation from a 
single 5-V rail, and it draws 7 mA. It 


in assembly and source level. A 
‘Fantastic for schools! Just call 


Full Simulator 


the DEMO. You can load up to 64K of 
code and use 64K of XDATA space. You 
can program an “external environment”’ 
to interact with your code to simulate your 
target system. The emulator is the hard- 
ware extension of the simulator! 


Mi-Cicuhenulation 


The 30MHz real-time emulator has been 
the industry standard for years. With its 
complex breakpoint logic and advanced 
trace, nobody can beat it for performance. 
Plug-in or RS-232 configuration. All 8051 
derivatives are supported! 


Call Nohau’s 24-hou 
noHauU 


information center to 
CORPORATION 


receive info on your 
FAX 408-378-2912 


51 E. Campbell Avenue, Campbell, CA 95008 


(408) 866-1820 ° FAX (408) 378-7869 


The full-blown simulator is an extension of 
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uses a byte-oriented format for opera- 
tion with its 4-MHz data-rate serial in- 
terface port. Its proprietary bit-grab- 
ber registers don’t require address/ 
steering bits for random access to the 
three registers. Tuning is accom- 
plished via a 3-byte serial transfer to 
the 24-bit “A” register, which is com- 


Help File Dispsfiter S 


: é 


} #64 void moving_demo() { 
m042 £4 CLR OA 
(e043 FS 19 
969 
CHS 7 


MOU 
for( pi 
in 62 «MOU 
eee 75 1800 MOV 
een 75 1¢ 66 MOV 
OME 18 3F MOU 
"9051 £5 18 MoU 
0053 mou 
DEC 


nf 


= arrayX, c = sizeof( arr 


* go 


GO (PROM addmecces 


Australia (02) 654 1873, Austria (0222) 38 76 38, Be 


nelux +31 1858-16133, Canada (514) 689-5889, 


Czechoslovakia 0202-2683, Denmark (42) 65 81 11, Finland 90-452 1255, France (01)-69 41 28 01, Germany 
08131-25083, Great Britain 0962-73 31 40, Greece 01-862-9901, Hungary (1) 117 6576, Israel (03) 48 48 
32, Italy (011) 771 00 10, Korea (02) 784 784 1, New Zealand (09) 392-464, Portugal 01-80 9518, Norway 
02-649050, Singapore (065) 284-6077, Spain (93) 217 2340, Sweden 040-9224 25, Switzerland (01) 740 41 05, 
Taiwan (02) 7640215, Thailand (02) 281-9596, Yugoslavia 061 621066. 

CIRCLE 132 FOR U.S. RESPONSE 


CIRCLE 133 FOR RESPONSE OUTSIDE THE U.S. 


PXJIE LECTRONIC 


APRIL 2, 1992 


patible with standard serial interfaces. 
On-chip circuits support an external 
crystal and a programmable reference 
output. Standby current in the sleep 
mode is 50 eae The MC145191 comes in 
a 20-pin SOG package and runs $5.50 
each in lots of 500. 

Motorola Digital-Analog Integrated 

Circuits Div., P. O. Box 6000, Austin, 

TX 78762; (800) 521-6274 


ANALOG MULTIPLEXER 
SWITCHES IN 17 NS 


BANDWIDTH vs. Ccoue 


Coompe = SpF 


Coomm = 10pF 


Coome = 20pF 


Coomp = 100DF 


With active input and output stages, 
the CLC532 two-input analog multi- 
plexer IC switches the output between 
inputs in under 20 ns. The -3-dB band- 
width for a 2-V pk-pk output is a mini- 
mum of 21 MHz, and increases to 140 
MHz for a 100-mV pk-pk output. 
Changing the compensation capacitor 
alters the bandwidth and the differen- 
tial gain and phase. Maximum output- 
settling time for a 2-V step to 0.01% of 
final value is 24 ns. The CLC532 comes 
in a 14-pin DIP. Commercial-grade 
units run $138 each in thousands. 
Comlinear Corp. 4800 Wheaton Dr., 
Fort Collins, CO 80525; Alan Hans- 
ford, (303) 226-0500. 


OP AMP SWITCHES 
INPUTS IN UNDER 10 NS 


Sporting a pair of TTL-selectable, true- 
differential inputs, Burr-Brown’s 
OPA676 SWOP amp (switched-input op 
amp) measily handles a variety of high- 
frequency multiplexing applications. It 
switches inputs in under 10 ns and typi- 
cally can settle to 0.01% of final value 
for a 625-mV output step in under 25 ns 
(outputs settle to 0.1% and 1% in 15 and 
9 ns, respectively) and offers minimum 
full power bandwidth of 25 MHz. Appli- 
cations include programmable-gain 
amplifiers, synchronous demodulators 
and active filters. In a 16-pin DIP, and 
quantities of 100, the military grade 
OPA676 goes for $78.40 each, the com- 
mercial grade for $23.94 each. 
Burr-Brown Corp., P.O. Box 11400, 
Tucson, AZ 85734; John Conlon, (800) 
548-6132. 
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POWER SUPPLY TESTER 
SIMULATES REAL CONDITIONS 


he FlexStar 8000 is a dual-out- 

put power supply tester that 

helps engineers test power sup- 

plies in realistic environments and un- 

der a variety of load conditions. The 

system can generate two independent 

loads simultaneously, simulating ev- 

erything from static loads to complex 
current profiles. 

In addition, the 8000 can measure the 

current profiles of actual system loads, 


such as a disk drive during spin-up. Us- 
ers can store these profiles in the tes- 
ter’s nonvolatile memory so they can be 
used in later tests to simulate actual 
conditions. The system can measure 
the input ac voltage and current to the 
supply under test and can calculate its 
efficiency under variable laods. Or it 
can control the ac power while measur- 
ing the supply’s output current and 
voltage. Other measurements include 
baseline voltage, voltage regulation 
from minimum to maximum, transient 
responses, response time, ac noise and 
ripple, ac noise on two bandwidths, and 
de ripple from 1 to 1000 Hz. Users can 
set ac power thresholds and employ the 
8000 as a power-line monitor, so that 
power spikes or dropouts can be time 
stamped. 

The tester measures 15-by-4-by-15 in. 
and weighs only 20 Ibs. Its internal re- 
chargeable batteries will operate the 
system for up to 4 hrs. 

The FlexStar 8000 power supply tes- 
ter is priced under $10,000 and is avail- 
able 30 days after receipt of an order. 

FlexStar, 2040 Fortune Dr., Suite 
101, San Jose, CA 95131-1823; (408) 
433-0770. 

@ JOHN NOVELLINO 


CARD OFFERS 500-MHZ TIMING, 
100-MHZ LOGIC ANALYSIS 


he HP 16550A logic analysis 

card supplies up to 100-MHz 

state and 500-MHz timing capa- 
bility to the HP 16500A modular logic 
analysis system. Each card offers 102 
channels with a 4-ksample/channel 
memory. Two cards can be connected to 
deliver 204 channels or 102 channels 
with an 8-ksample memory. 

The new card can cross-trigger other 
card sets in the mainframe, so users 
can analyze multiple microprocessors 
in the same design simultaneously. For 
maximum readability and time correla- 
tion, the card interleaves listings and/ 
or waveforms between analysis mod- 
ules. Also, the card’s fast setup-and- 
hold specification makes possible mea- 
surements on designs that use devices 
with short data-valid windows. The unit 
has a 3.5-ns setup and 0-ns hold (3.5/0) 
specification, which can be adjusted to 
0/3.5 ns in 500-ps steps. 

All HP 16550A channels can perform 


state or timing analysis, so users do not 
have to reprobe the system to change 
between analysis modes. The card can 
do 500-MHz conventional timing on 
half its channels or 250 MHz on all 
channels. It also does 250-MHz transi- 
tional timing on half channels or 125 
MHz on all channels. Up to five cards 
can be installed in one mainframe to 
create a 510-channel logic analyzer. 

Trigger features include 12-level, 
125-MHz sequencing with 10 pattern 
terms, two 32-bit range terms, two tim- 
ers, and two glitch/edge detectors that 
can be used for state as well as timing 
triggering. The card can detect 3-ns 
glitches. 

The HP 16550A logic analysis card 
costs $8800, and the HP 16500A system 
mainframe costs $7700. Delivery is 4 to 
6 weeks for both. 

Hewlett-Packard Co., 19310 Prun- 
eridge Ave., Cupertino, CA 95014; 
(800) 752-0900. 

@ JOHN NOVELLINO 
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TAKES ALL YOUR 


NEEDS 


AND KNOCKS "EM 


DOVVN TO SIZE 


FOR LESS? 


The answer's simple: Pacific Hybrid. 
The fact is, right now, we can take you 
into the future with fine pitch SMDs, 
custom hybrids and high-performance 
multichip modules — whatever it 
takes to meet your design needs or 
fabrication demands. 


Need a prototype fast? Faced with 
a bare-bones budget? There’s no 
question who to call: Pacific Hybrid. 


1-800-622-5574 Dept. ED4. 


PACIFIC HYBRID 


MICROELECTRONICS 
We do small miracles. 


10575 SW Cascade Blvd. Portland, OR 97223 
(503) 684-5657 FAX (503) 620-8051 
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Control any 

IEEE-488 (HP-IB, GP-IB) 

device with our cards, cables, 
and software for the PC/AT/386, 
EISA, MicroChannel, and NuBus. 


D-A BOARD UPDATES 16 
CHANNELS WITHOUT SKEW 


The PC-422 digital-to-analog boards up- 
date all 8 or 16 channels simultaneously 
with no time skew between channels. 
Each analog output channel delivers 
12-bit resolution and a 3-ys settling 
time, for a 330-kHz update rate. A spe- 
cial buffering feature allows all chan- 
nels to be updated at a 1-MHz rate us- 
ing block transfers or direct memory 
access. The boards run on IBM PC/ATs 
and compatibles. In single quantities 
the 8-channel PC-422A costs $995, and 
the 16-channel PC-422B is $1695. A soft- 
ware utility, PC-422SET, that exercises 
the board completely, including a disk 
file playback mode, costs $50. Delivery 
is in 4 weeks. 

Datel Inc., 11 Cabot Bivd., Mansfield, 

MA 02048; (508) 339-3000. 


UNIT ACQUIRES DATA ON 
ETHERNET WORKSTATIONS 


An Ethernet-based data-acquisition de- 
vice, the I/O Station 464, allows work- 
stations to capture test data directly so 
that the workstation can immediately 
analyze the data at high speed. Other 
advantages of connecting the data-ac- 
quisition device directly to a worksta- 
tion include multiple user access and 
Ethernet’s ability to connect up to 500 
m. of cable. The I/O Station 464 has 
four IEEE-P996 slots for plug-in mod- 
ules. The unit accommodates up to 64 
analog input, 32 analog output, 640 dig- 
ital I/O, or 96 counter-timer channels. 
The modules can acquire data at resolu- 
tions to 16 bits and rates to 1 MHz. The 
I/O Station 464 costs $3995 in single 
quantities and is available with 4-week 
delivery starting June 15. Volume dis- 
counts are available. 
Strawberry Tree Inc., 160 S. Wolfe Rd., 
Sunnyvale, CA 94086; (408) 736- 
8800. 
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LOGIC ANALYZER-PATTERN 
GENERATOR-RUNS ON PCS 


The R8700 is a PC-based combination 
pattern generator and logic analyzer. 
The unit features 2-ksample/channel 
buffers, 32 data channels, 4 three-state 
channels, and 1 trigger channel. Clock, 
gate, three-state, and strobe signal in- 
puts allow external control of the in- 
strument. By using the included turn- 
key software, operators can quickly set 
up any stimulus pattern and output 
that pattern to the board under test ina 


software support for all the 
popular languages. A software 
library and time saving utilities 

are included that make instrument 
control easier than ever before. 
Ask about our no risk guarantee. 


single-shot, continuous, or burst mode. 
Outputs are TTL- and CMOS-compati- 
ble and can be delayed by the user. Out- 
put files are available in ASCII, hex, 
decimal, octal, or binary form. The unit 
runs on any IBM PC or PS/2 through 
the parallel port. The R8700 costs $2995 
and is available immediately. 

Rapid Systems Inc., 433 N. 34th St, Se- 

attle, WA 98103; (206) 547-8311. 


QFP CLIPS PERMIT FAST 
TESTING OF NEWEST ICS 


The Flexible Interface Network series 
of QFP test clips offers users fast, 
easy-to-access test connections with 
the latest surface-mounted, through- 
hole, or socket-mounted ICs. The clips 
come in three pin counts—100, 132, and 
196—for Jedec plastic or ceramic 
QFPs. Each size comes in three styles. 
One features a platform with 0.100-in. 
headers for industry-standard (IDC) 
Lb Es chon 6 eh eG DES 
APRIL 2, 1992 


I 


connector cables. The second has 0.050- 
in. connectors on flexible circuitry for 
direct attachment to an emulation 
board. The third style has an FIN clip 
with integral 0.050-in. connectors for 
most instrument ribbon cable assem- 
blies. In lots of 1 to 9, prices range from 
$396.67 for the 100-pin Model 5775 to 
$615 for the 196-pin Model 5783. Deliv- 
ery is from stock. 

ITT Pomona Electronics, 1500 E. 

Ninth St, Pomona, CA 91769; (714) 

469-2900. 


POD ADAPTS EMULATOR 
TO 8X053/54 DEVICES 


The POD-C054 adapts the EMUL51-PC 
modular PC-based in-circuit emulator 
to the Philips Semiconductor 83C053/ 
54 8-bit CMOS microcontrollers and the 
87C053/54 EPROM versions. With the 
POD-C054, the EMUL51-PC can emu- 
late the microcontrollers in all modes at 
full speed and memory size (up to 16 
kbytes for the 8XC054 units). This in- 
cludes all nine pulse-width-modulated 
commands and all three digital video 
outputs. The pod has a 42-pin shrink 
DIP plug for direct insertion into the 
devices’ 70-mil pitch socket. The emula- 
tor supports several C compilers and 
debuggers from major suppliers. The 
POD-C054 is available immediately ata 
cost of $895. 

Nohau Corp., 51 E. Campbell Ave., 

Campbell, CA 95008; (408) 866- 

1820. 


Free: 
Informative 


Applications help (617) 273-1818 


Capital Equipment Corp. 
Burlington, MA. 01803 
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PACKAGING & PRODUCTION 


HIGH-LEAD-COUNT 
TAB PACKAGES 
SPEED DESIGNS 


ith lead counts up to 608 

pins and outer-lead bond 

pitches of 0.25 mm, S-MOS 
Systems’ tape-automated-bonding 
(TAB) packaging capabilities offer de- 
signers the extra flexibility needed to 
improve system reliability and shorten 
assembly time. The 35-, 48-, and 70-mm 
tapes meet Jedec Metric Format 4- 
001S. They’re made up ona semicustom 
basis for applications including ASICs, 
LCD controllers, and drivers in memo- 
ry cards for workstations, desktop and 
palmtop computers, personal-commu- 
nication systems, and portable indus- 
trial systems. 

At a 0.25-mm lead pitch and 0.5-mm 
test-pad pitch, 35-mm TAB is available 
with up to 192 pins. The same lead pitch 
with a 0.4-mm test-pad pitch can accom- 
modate up to 224 pins, and at a 0.3-mm 
test-pad pitch, the maximum pin count 
is 258. Body sizes for 35-mm tape range 
from 14 by 14mm to 20 by 20 mm. 

At the same 0.25-mm lead pitch, TAB 
packaging using 48-mm tape offers pin 
counts of 256 (0.5-mm test-pad pitch), 
320 (0.4-mm test-pad pitch), and 384 
(0.3-mm test-pad pitch). For 48-mm 
tape, body sizes range from 16 by 16 to 
28 by 28 mm. Pin counts for 70-mm tape 
are 436, 544, and 608 for the same re- 
spective test-pad pitches. 

The advantages of TAB packaging 
are well known, and include higher 
mounting densities, easier surface 
mounting of high-lead-count devices, 
and customizable configurations. The 
packages also help shrink circuitry to 
use less printed-circuit-board real es- 
tate, and facilitate the design of sys- 
tems with small form factors. TAB also 
permits functional testing and burn-in 
of devices before mounting, easy re- 
pair of defective chips, and quick, one- 
pass gang bonding of leads. 

Nonrecurring-engineering charges 
for TAB packaging include a punching 
tool at $4000, layout and masking at 
$4400, and, if using inner-lead bonding 
(ILB), an ILB tool at $4000. Prototype 
delivery is in 12 weeks. Initial produc- 
tion delivery, after customer test and 
qualification, is in seven to eight weeks. 
On-going production deliveries take 
three to four weeks. 

S-MOS Systems, 2480 N. First St., 
Ste. 180, San Jose, CA 95131-1002; 
(408) 954-0120. 
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FUTUREBUS+ PRODUCTS 
CONFORM TO IEEE 896.2 


family of products, including 

system enclosures, back- 

planes, card cages, and wire- 
wrap boards, conforms with the re- 
quirements of Futurebus+ Profile F 
and is compatible with the optional re- 
quirements of Profiles A and B. They 
are designed in accordance with IEEE 
896.2. The Series 222 enclosures offer 
system packaging for 128-bit applica- 
tions. The card-cage area has hard-met- 
ric card guides with integral electro- 
static discharge clips. The guides can 
accommodate 14 boards of variable 
thickness, ranging from 1.4 to 2.57 mm. 
The enclosures sell for $9500. 

The Series 224 14-slot backplanes 
support distributed and central arbitra- 
tion with the central arbiter located at 
slot 1. To compensate for incident wave 
switching, the backplane has on-board 
surface-mount terminations. The back- 
planes are priced at $3000. The Series 


223 rack-mount card cage is designed in 
accordance with the mechanical specifi- 
cations detailed in IEEE P1301. 

The wire-wrap boards, Series 231 are 
designed for prototyping and back- 
plane evaluation. The boards use Na- 
tional Semiconductor BTL transceivers 
in 9-bit plastic quad flatpacks. All stubs 
meet the specified requirements for in- 
cident wave switching. The chip-to-con- 
nector interface section is prerouted 
and optimized for Futurebus+ applica- 
tions. The eight-layer boards incorpo- 
rate Hybricon’s patented ultra-high- 
density pin pattern for maximum densi- 
ty and very-high-frequency design for 
high-speed products. The E connector 
contains 80 pins for I/O, and 276 pins 
are available for front-panel I/O. The 
wire-wrap boards start at $1900. 

Hybricon Corp., 12 Willow Rd., 
Ayer, MA 01432; (508) 772- 
5422. 
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Put Our List 
On Your List 


Our list can help you do the 
other things you have on 

your list. Such as buy a car... 
estimate social security. . . 
start the diet. . . check out 
investments. . . 

Our list is the Consumer 
Information Catalog. \t’s free and 
lists more than 200 free and low- 
cost government booklets on 
employment, health, safety, 
nutrition, housing, Federal 
benefits, and lots of ways you 
can save money. 


So to shorten your list, send for the free Consumer Information Catalog. 


It’s the thing to do. 


Just send us your name and address. Write: 


Consumer Information Center 


Department LL 


Pueblo, Colorado 81009 


A public service of this publication 


GOA 
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and the Consumer Information Center 
of the U.S. General Services Administration 
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COMMUNICATIONS 


DEVELOPMENT KIT SIMPLIFIES 
MULTIMEDIA DESIGN EFFORT Mint Leovarp 


joint effort by Texas In- 
struments and Atlanta Sig- 
nal Processors has pro- 
duced the Elf-31 Multime- 
dia Developer’s Toolkit for design- 
ing a variety of multimedia 
capabilities into personal computers. 
The kit’s principal hardware compo- 
nent is an AT-compatible circuit 
board built around TI’s TMS320C31 
floating-point digital signal process- 
ing chip. The circuit board supports 
stereo 16-bit input/output, a tele- 
phone-line interface, the Musical In- 
strument Digital Interface (MIDI), 
voice I/O, and COMM 1 and 2 emula- 
tion for modem operation. The kit 
also includes software tools and a li- 
brary of DSP functions that support 
voice mail, speech recognition, digi- 
tal audio, modems, facsimile, and im- 
age/speech compression and analy- 
sis. Optional daughter boards have 
digital audio I/O and an SCSI port. 
The Toolkit includes 16 multime- 
dia-related functions, including six 
speech compression and decompres- 
sion algorithms, six music-related al- 
gorithms (such as a 10-band stereo 
graphics equalizer, music synthesis, 
echo reverberation, and MPEG au- 
dio decoding), three algorithms for 


Group 3 and Group 4 facsimile, and 
the JPEG image compression and de- 
compression algorithm. These tools 
enable hardware designers to devel- 
op boards with a variety of multime- 
dia capabilities for PCs, such as tele- 
phone answering machines, facsimi- 
le machines, image editors, graphic 
equalizers, and recorders for playing 
and editing stereo music. 

Additional DSP multimedia tasks, 
such as signal processing for speech, 
music, imaging, and telephony, can 
be handled by using the Toolkit’s 
DSP development tools, which in- 
clude a loader, assembler, C compil- 
er, and C source debugger. The kit 
also provides object code and, in 


some cases, source code of the DSP 
algorithms. For PC software devel- 
opers, a host application program- 
ming interface (API) gives access to 
the DSP functions of the TMS320 
DSP. Besides the Developer’s Tool- 
kit, an Evaluation Toolkit is also 
available for demonstrating the op- 
eration of the 16 multimedia algo- 
rithms on the development board. 

The Elf-31 Multimedia Evaluation 
Toolkit is available now from Texas 
Instruments, Atlantic Signal Proces- 
sors, and authorized TI distributors 
for $2000 each, which can be applied 
toward the price of the Developer’s 
Toolkit. The Developer’s Toolkit will 
be available in June for a suggested 
price of $5000 each, which includes 
the board, C-compiler, debugger, 
and object-code licenses for 10 multi- 
media functions. The development 
board is also available separately at 
a suggested price of $995 each in 
quantities of 10. 

Texas Instruments Inc., Semi- 
conductor Group, SC-92004, P. O. 
Box 809066, Dallas, TX 75380-9066; 
11-800-336-5236, ext. 3990. CIRCLE 495 

Atlantic Signal Processors, Inc., 
770 Spring St., Atlanta GA 30308; 
(404) 892-7265. CIRCLE 496 


40 YEARS 


Watch for our 


40th Anniversary Special 
November 25, 1992 


PJE LECTRONIC 
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NEW PRODUCTS 


COMPUTERS & PERIPHERALS 


DIGITIZER ROLLS 
UP FOR STORAGE 


Save valuable office space by using the 
Roll-Up, a large format digitizer. The 
full-size tablet can be rolled out for use 
on a desk or drafting table, then rolled 
up for easy storage. The 6-lb. Roll-Up, 
just 1/16 in. thick, comes in two sizes, 
30 by 36 in. and 36 by 48 in. The device’s 
transducers supply a resolution of 1/ 
1000 in. with an accuracy of £0.01 in. 
No calibration is ever required. Also, 
because no external power source is 
needed, the tablet can be used with por- 
table systems. The Roll-Up comes with 
a one-button stylus with a side switch 
or a four-button cursor. Windows and 
AutoCAD drivers are included. 

GTCO Corp., 7125 Riverwood Dr., Co- 

lumbia, MD 21046; (410) 381- 

6688. 


KIT INTEGRATES 
FLOPTICAL-DRIVE 


Designers can easily support the indus- 
try-standard 21-Mbyte 3-1/2-in. flopti- 


cal disk drives using the Floptical Con- 
nection Kit. Floptical technology com- 
bines the properties of optical and mag- 
netic data recording. The $199 kit 
contains Adaptec’s 16-bit SCSI host 
adapter, software utilities, an internal 
SCSI cable, and a user’s manual. The 
SCSI host adapter can support six de- 


vices. These include two floptical 
drives, two floppy disk drives, and two 
hard disk drives. In addition, the host 
adapter lets a PC boot from any of the 
three media types. 
Adaptec Inc., 691 South Milpitas Blvd., 
Milpitas, CA 95035; (408) 945- 
8600. 


FAULT-TOLERANT SERVERS 


MULTIPROCESS TOO 


ased on hardware fault toler- 

ance, the first member of the 

Integrated Micro Products XT 
family of Unix servers offers scalable 
performance of 27 to 54 MIPS in a desk- 
side cabinet. The XTM server’s fault- 
tolerant CPUs, referred to as CpuSets, 
are boards based on dual- or triple-re- 
dundant 68040s running at 33 MHz that 
meet almost any desired level of sys- 
tem integrity. Each CpuSet has its own 
cache and primary memory. Further- 
more, the XTM model hosts either one 
or two CpuSets. As a result, besides re- 
dundant CPUs it can pack a second 
CpuSet to double the system through- 
put from 27 to 54 MIPS. Future family 
members will host up to eight CpuSets 
to attain close to 200 MIPS. 

Each component in the system is rep- 
licated so that the system has no single 
point of failure—even internal VME 
buses are duplicated. All active parts 
are also user-replaceable online. Fur- 
thermore, application programs do not 


have to be modified to run on the sys- 
tem—internal software ‘‘hides” the 
fault-tolerant structure and lets the ap- 
plication think it’s running on an ideal 
“virtual” machine. The system comes 
with 16 to 256 Mbytes of main memory, 
330 to 2400 Mbytes of mirrored disk 
storage and has dual I/O channels. The 
disk subsystems employ a combination 
of mirroring and checksums to ensure 
data integrity. When a failed drive is 
replaced, the mirror drive restores data 
in a background mode. Battery backup 
is included in the power modules to pro- 
vide for graceful power-downs if ex- 
tended power-outages occur. Price for 
the base XTM system starts at $50,000 
for the 27 MIPS unit (including the 
Unix System V operating system li- 
cense) and increases by $10,000 for the 
54 MIPS option. 

Integrated Micro Products Inc., 

16795 Lark Ave., Los Gatos, CA 

95030; Brian Knowles, (408) 399- 

5088. 
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NEW PRODUCTS 
Power 


HALF-BRIDGE DRIVER AND MOSFETS 
IN SOICS HANDLE 5 A AT 40 V 


ow you can build a complete 40- 

V, 5-A per winding, motor-con- 

trol subsystem with just two 
surface-mount components per 5-A 
winding. These are the small motors 
used—under microprocessor control— 
in printers, plotters, and copiers. For 
each MOSFET half bridge, you use the 
Siliconix Si9940DY “Little Foot,” an 8- 
pin SO-8 containing a pair of 50-mQ, 50- 
V FETs rated at 5 A. For a driver the Si- 
liconix Si9976DY does the job. The 
Si9976DY contains both high and low- 
side drivers for an n-channel MOSFET 
half bridge. Its integrated charge 
pump provides the floating supply 
needed to drive the gate of the high- 
side FET positive relative to its drain. A 
typical three-phase drive is shown in 
the figure. 

Other features of the Si9976DY driv- 
er include cross-conduction (shoot- 
through) protection, undervoltage 
lockout (UVLO), shorted output protec- 
tion, and a digital output indicating the 
type of fault. Cross conduction is avoid- 
ed by preventing the high-side driver 
from turning on until the low-side driv- 
er has been off for a fixed delay. 

At power up, undervoltage lockout is 
implemented by keeping both drivers 
off until the internal, regulated supply 
is approximately one base-emitter volt- 


age drop below the supply’s nominal 
value of 16 V. After power up the un- 
dervoltage lockout circuit continues to 
monitor the internal supply and, if an 
undervoltage condition occurs, both 
drivers are turned off and the fault out- 
put goes high. In quantities of 100,000 
the Si9976DY driver goes for $0.90 
each, the Si9940DY dual MOSFET sells 
for $1.40 each. 

Siliconix Inc., 2201 Laurelwood 

Rd., Santa Clara, CA 95056; (800) 

554-5565, ext. 1400. 

@ FRANK GOODENOUGH 


SECOND SOURCE ARRIVES 
FOR IC SWITCHERS 


Designers hesitant to use any of the 
sole-sourced complete switching regu- 
lators ICs (with on-chip power switch) 
need fear no more. Now Semtech Cor- 
pus Christi (formerly Lambda Semicon- 
ductor) has announced a form, fit, and 
function second source for the LM1575 
and LM2575 simple switchers from Na- 
tional Semiconductor. They are avail- 
able in TO-220, TO-3, 16-pin DIP, and 
24-pin SOICs. In quantities of 100 they 
go for $3.50 each. 

Semtech Corpus Christi, 121 Interna- 

tional Dr., Corpus Christi, TX 78406; 

(512) 289-0403. 


IC SWITCH KEEPS 
HIGH VOLTAGE OFF ICS 


Looking much like a three-terminal lin- 
ear regulator, the SP710 three-lead 
power IC from Harris protects low- 
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voltage ICs from supply-rail transients 
ranging from +16 V to +90 V. The in- 
put pin, the left-hand pin of the TO-220 
package, connects to supply rails be- 
tween 4.5 and 16 V. 

The output pin on the right connects 
to the load, and the center pin (the tab) 
connects to ground. If the input voltage 
exceeds +16 V the chip disconnects the 
supply rail from the load. The input can 
take up to £90 V for up to 15 ms and up 
to 24 V continuously. During shut- 
down, load current will not exceed 20 
mA. The chip also shuts down if the die 
temperature exceeds 150°C. With sup- 
ply rails of 4, 9, and 16 V at switch cur- 
rents of 175, 500, and 800 mA, respec- 
tively, the voltage drop across the 
switch runs a maximum of 250, 650, and 
1050 mA, respectively. In quantities of 
1000, the SP710 power IC goes for $2.95 
each. 

Harris Semiconductor, P. 0. Box 883, 

Melbourne, FL 32901; (800) 4 Harris, 

ext. 1041. 
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SMART FRONT 
PANEL SPEEDS 
CONTROL OF 
SUPPLIES’ OUTPUT 


ast, flexible output control is en- 
sured by the smart front panel 
affixed to a line of 15 de power 
supplies. With outputs ranging from 
200 to 2000 W, the HP 6500 Series pow- 
er supplies constitute a broad offering 
for benchtop or system applications 
that don’t require HP-IB control of the 


supply. 

The HP 6500 Series of supplies in- 
cludes three power ranges: 200 W, 500 
W, and 2000 W. Each power range of- 
fers five supplies that vary by voltage 
rating. 

Front-panel controls provide three 
methods of setting the output voltage 
and current. A numeric-entry keypad 
lets the user set the voltage quickly and 
precisely, while up-down buttons and 
rotary-pulse generators enable users 
to increment and decrement voltage 
and current settings in small steps 
quickly and conveniently. An external 
voltage signal can also be applied for 
control of the output voltage. For re- 
petitive benchtop testing, up to five 
states or sets of power-supply settings 
can be stored and recalled for easy se- 
quencing. The supplies can also be con- 
nected in autoparallel with other mod- 
els of the same ratings. 

Excellent noise performance is pro- 
vided for tests that require noise-sensi- 
tive measurements. The peak-to-peak 
ripple and noise spans from a low of 3 
mV pk-pk on the low-power, low-volt- 
age models to a high of just 16 mV on 
the 2-kW, 120-V model. 

Overcurrent, overvoltage, and over- 
temperature protection, which are 
more commonly found on system pow- 
er supplies than on bench units, are pro- 
vided for both the supply and the device 
under test (DUT). These features pro- 
tect the DUT by disabling the supply’s 
output voltage when potentially dan- 
gerous conditions occur. 

Pricing ranges from $1650 to $1750 
for the 200-W units, from $2100 to $2300 
for the 500-W supplies, and from $3650 
to $3800 for the 2000-W units. Delivery 
is estimated at four weeks from receipt 
of order. 

Hewlett-Packard Co., 19310 Prun- 
eridge Ave., Cupertino, CA 95014; 
(800) 752-0900. 
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DESIGN 


Get the Jump on Windowed 
Environments for Circuit Design! 


We did! Now you can too!! 
All you need is the 

Design Center. running 
under Windows 3.0. 


MENOINCUTeeceeh: pl keerrend Part Ke Native Windows 3.0 Applications—Available Today 
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The Design Center provides you with the analog and digital 
circuit design software you need, running as fully integrated 
MicroSoft Windows 3.0 applications on the PC. Whether you 
are capturing schematics, simulating circuits with PSpice, or 
graphically analyzing waveforms, you have all of the 
convenience of windowed environments at your fingertips: 
relocatable and scalable windows, pull-down menus, dialog 
Eile Fant Colors Display _Help boxes, on-line help, and the ability to freely move between 
i ee different windowed applications. 
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i At the Forefront of User Interface Technology 


yn Manan 


We’re proud to be the first to offer an integrated environment 
Schematic capture and PSpice simulation of a for circuit design under Windows 3.0. In one window, 
mixed-mode oscillator graphically define your circuit with our schematic editor. 

Then, after simulating your circuit’s behavior with PSpice, 
automatically view the waveform results in another window 
MERI" tren “tage Peon Ealanre heaters Tet tl by marking pins, wires, and devices on the circuit drawing. 

: ; a If you like, save the schematic or graphical waveform 
display to the Windows Clipboard for use in a document. 
All phases of the circuit design process are simple and direct 


Q = ral i under Windows 3.0. 


Stick with the Leader... 


Discover for yourself the ease with which your circuits can be 
generated, simulated, and analyzed with our Design Center 
system running under Windows 3.0. For more information on 
the Design Center under Windows 3.0, or to find out about the 
Design Center on our Sun OpenWindows platform, call 


MicroSim Corporation toll free at (800) 245-3022 
Graphical analysis of the analog and digital signals or FAX at (714) 455-0554. 


produced by a DC brushless motor simulation 


eo MicroSim Corporation 
The Standard for Circuit Design 
20 Fairbanks « Irvine, CA 92718 


THE MAKERS OF PSPICE 


PSpice is a registered trademark of MicroSim Corporation 
CIRCLE 116 FOR U.S. RESPONSE CIRCLE 117 FOR RESPONSE OUTSIDE THE US. 


NEW PRODUCTS 


COMPUTER-AIDED ENGINEERING 


ANALOG BEHAVIORAL MODELING, VHDL Support 
EMBELLISH BROAD EDA SOFTWARE LINE iss Mauiniax 


nhancements ranging from 

analog behavioral modeling 

to VHDL support strength- 

en the newest software line 
from Dazix. The enhancements, 
which include new products and the 
porting of existing products to Sun 
workstations, expand the Dazix of- 
fering for a wider choice of tools and 
platforms. 

One of the new products is the Da- 
zix/Intergraph Analog Behavioral 
Language Option (Diablo). Diablo is 
based on industry-standard C and 
C++ programming languages. The 
language’s flexibility lets users pro- 
gram complex analog behaviors and 
functions without the traditional re- 
strictions imposed by built-in primi- 
tives to the simulator. With Diablo, 
the simulator can access pertinent 
model information through program 
calls during run time. 

Diablo is integrated with the en- 
tire suite of Dazix analog design 
tools, including the Apex Plus simu- 
lator. Apex Plus isa circuit simulator 
for analog, mixed-mode, and mixed- 
discipline circuits. It merges the ana- 
log, board-level, and native mixed- 
mode simulation capabilities of the 
Intergraph Integrated Simulator 
(ISIM) with the IC-simulation 
strength of the Dazix Apex simula- 
tor. The end product is a tool that can 
simulate large designs in their en- 
tirety, and at many levels of com- 
plexity and model abstraction. Both 
Diablo and Apex Plus run on Inter- 
graph and Sun workstations, and sell 
for $4000 and $15,000 respectively. 

Another new product is the ACE- 
Plus Design Entry software, a uni- 
fied entry environment that merges 
all the company’s existing design 
capture into one tool. It serves as a 
common front end for all the Dazix 
EDA environments, supporting the 
range of system- to [C-level designs. 
When a design is entered in ACE- 
Plus, a master design database is 
created for all future tasks. 

ACEPlus is tightly linked to the 
Dazix Master Librarian, a central- 
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ized relational database that con- 
tains component information for all 
the design tools. Graphic symbols 
are found and placed on the schemat- 
ic from that database by using a com- 
bination of component attributes, or 
by querying parametric specifica- 
tions of parts. ACEPlus runs on In- 
tergraph and Sun workstations for 
$7000. A PC version runs on 80286-, 
80386-, and 80486-based machines, 
and sells for $3500. Files created 
with the workstation and PC ver- 
sions are completely compatible. 

Full VHDL simulation is another 
enhancement added to the Dazix 
product line. The AdvanSIM digital 
simulation engines completely sup- 
port IEEE 1076 VHDL. Three Ad- 
vanSIM engines for logic and timing 
simulation, dynamic timing verifica- 
tion, and concurrent fault simulation 
are fully compatible and share a com- 
mon model library. 

New AdvanSIM support for user- 
definable data types gives engineers 
the ability to incorporate third-party 
simulation data into their analyses. 
In addition, AdvanSIM has new ¢a- 
pabilities for mixed-mode simulation 
when used in conjunction with the 
Dazix A/D Bridgeway (ADB). ADB 
is an intelligent control processor 
D..E- 8° 
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that enables AdvanSIM to take a sin- 
gle-engine approach to designs with 
mostly digital but some analog cir- 
cuitry by its ability to simulate its 
own analog or mixed-signal behav- 
ioral models. 

All AdvanSIM simulation engines 
run on Intergraph and Sun worksta- 
tions. The logic-simulator, dynamic- 
timing-verifier, and concurrent- 
fault-simulator engines cost $18,000, 
$15,000, and $25,000, respectively. 
ADB goes for $10,000. In addition, 
engineers can purchase a graphical 
user interface for $9000. The inter- 
face compiles a simulation database 
from the schematic, allowing users 
to run logic, timing, or fault simula- 
tion using just the schematic. 

Finally, Dazix is announcing that 
two of its existing products, MCM 
Engineer and the StarTrak pe-board 
router, will be available on both the 
Intergraph and Sun workstations. 
MCM Engineer is a tool for the de- 
sign, verification, and manufacture 
of multichip modules (MCMs). Pric- 
ing for MCM Engineer starts at 
$18,000. StarTrak costs $40,000. 

Dazix, an Intergraph Co., One 
Madison Industrial Park, Hunts- 
ville, AL 35894-0001; (205) 730- 
2000. CIRCLE 481 
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“Trade shows are valuable, 
but I learn more from my 
industry publications.” 


Your customers and prospects 
agree that trade shows are worth 
attending. But they also agree 
that specialized business publica- 
tions are worth a great deal more 
to them. Because that’s where they 
find more of the important infor- 
mation they need to know. A 
recent study, conducted by the 
Forsyth Group, proves it. 

Almost 10,000 business and 
professional decision makers 
participated in the study. They 
were asked what sources they find 
most useful in providing informa- 
tion about the products and 
services they buy for their compa- 
nies. Trade shows, salespeople and 
direct mail were all well regarded. 
But overall, specialized business 
publications clearly took top 
honors. 

Trade magazines are also at 
the top of the list when you 
consider cost per contact. No 
other medium is more efficient. Or 
has more credibility. 

For a free copy of the study, 
please write to American Business 
Press, 675 Third Avenue, Suite 
400, New York, NY 10017 


Where business P 
goes shopping. 


CLASSIFIEDS 


SENIOR DESIGN ENGINEER 


Responsible for research and development of 
advanced models for temperature variation, high 
frequency parasitics, current-flow dependent 
behavior, and scaling effect of both bipolar and 
CMOS devices. Successful candidate will also 
research and develop computation efficient models to 


improve circuit simulation time, process and device 
characterization, extraction methodology for sub- 
micron integrated circuit fabrication processes, 
analyze statistical data of best/typical/worst case 
models, develop correlation theory of device 
parametric interdependency for various process 
technologies, develop and enhance measurement 
capability and HP programs, improve accuracy for 
de, ac, transient, C-V profiling and S-parameter 
characterization of semiconductor devices from -55C 
to 175C with wafer probing station, HP network 
analyzer, HP LCRZ meter, HP semiconductor 
parameter analyzer, HP computer, etc. 

Requirements: Ph.D. in Electrical Engineering 
with more than 5 years laboratory experience in 
design, fabrication, and electrical characterization of 
solid state and thin film devices, experience in micro- 
electronics, semiconductor device physics, solid-state 
physics, and integrated circuit modeling and 
simulation, knowledge of integrated circuit design, 
fabrication process, and SPICE simulation. Must 
also possess extensive measurement technique at low 
temperature and microwave frequency and have a 
strong background in electromagnetic wave, 
microwave circuit and device, statistical analysis, 
thermal physics, numerical analysis, and experience 
of HP instrumentation and programming on HP 
computer. 

Send resume to P.O. Box 1509, Kennebunkport, 
ME 04046 no later than April 29, 1992. Must show 
proof of legal authority to work in U.S. EOE 
M/F/V/H. 


CONSULTANTS 


MICROPROCESSOR CONTROLS 
Customized To Your Application 


} Our Complete Package Includes: 
* A hardware interface, designed specifically to 
your needs, utilizing the latest Motorola HCMOS 
technology and other state-of-the-art chips. 


* Complete programming to your specifications. 
! © Delivery in 4-6 weeks from receipt of your P.O. 
i] * Board prices begin at $165.00 in lots of 10. 
| © Our one-time engineering charges begin at 
$500.00. 


NORAD ELECTRONICS 
102 Railroad Ave., Bridgeport, CT 06604 
Tel. 203/339-3600 FAX. 203/339-3604 
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BUSINESS SERVICES 


HARDWARE AND SOFTWARE 
DEVELOPMENT SERVICES 


- We specialize in developing microprocessor/FPGA based 
products/systems and embedded software development. 

» Custom Windows V3.0 and networking software development. 

- Can help with part of or handle the entire project. 

+ Full Microprocessor Development Systems, |7|CE, CAD/CAM, 
and PCB layout system. 

- Development for LAN, Multibus, VME, PC, MCA, and STD. 

Ace Applied Computer Techniques, Inc, 


Tel. (407) 851-2525 Incorporated 1978 
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NEW PRODUCTS 


COMPUTER-AIDED ENGINEERING 


TOP-DOWN DESIGN SOFTWARE 
CREATES CIRCUITS FROM VHDL 


he Synthesis Design Environ- 

ment (SDE) from Dazix cap- 

tures, verifies, synthesizes, and 
optimizes digital circuits using VHDL. 
The SDE high-level environment links 
multiple design-capture methodolo- 
gies, various specialized synthesis en- 
gines, and VHDL simulation and analy- 
sis. As a result, users have the flexibili- 
ty to design independently of target 
technologies. 

Engineers describe a circuit’s behav- 
ior using VHDL, capturing its intended 
functionality rather than its implemen- 
tation. Actually, any combination of en- 
try methods may be used, including 
Boolean equations, truth tables, state 
machines, state diagrams, C, Abel, 
hardware description languages, and 
schematics. After concept entry, the 
design’s functionality is analyzed and 
debugged with the Dazix VHDL De- 
sign System. 

Once the functionality is verified, 


CHIP SET SPEEDS CAD 
PROGRAMS BY UP TO 70% 


A two-chip engineering coprocessor im- 
proves performance of technical, engi- 
neering, and scientific applications on 
Intel386 DX microprocessor-based ma- 
chines by as much as 70%. The Intel 
chip set, which is called RapidCAD En- 
gineering CoProcessor, combines 
floating-point operations and CPU 
functions to run tasks like 3D render- 
ing nearly 70% faster than an Intel886 
DX processor and Intel887 DX Math 
CoProcessor combination. RapidCAD 
is aimed at CAD applications such as 
AutoCAD, but also ups performance 
on scientific analysis software. The 
larger of the two chips combines the 
functions of the 886 DX processor and 
387 coprocessor into one device, and re- 
places the 386 DX CPU in existing sys- 
tems. The smaller chip drops into the 
socket usually reserved for the math 
coprocessor. It contains the interface 
logic to manage math exceptions, like 
dividing by zero. The RapidCAD Engi- 
neering CoProcessor is available now 
for $499. 
Intel Corp., 3065 Bowers Ave., P. 0. 
Box 58065, Santa Clara, CA 95052- 
8121; (800) 538-3373, ask for literature 
package “BO.” 
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synthesis technology creates gate-lev- 
el structure and optimizes the design 
for area and speed. The synthesis tech- 
nology that’s tightly meshed within 
SDE includes ArchSyn for behavioral 
synthesis, MacroSyn for data-path syn- 
thesis, LogSyn for logic synthesis and 
optimization, and TestSyn for testabili- 
ty synthesis. These products, which are 
exclusively offered by Dazix, are based 
on many years of research and develop- 
ment by AT&T Bell Laboratories. Data 
I/0’s PLD- and FPGA-synthesis soft- 
ware is also tightly integrated in SDE. 
The Synthesis Design Environment, 

which is shipping now, runs on Inter- 
graph and Sun workstations. The Arch- 
Syn, MacroSyn, LogSyn, and TestSyn 
products cost $15,000, $10,000, $30,000, 
and $25,000, respectively. 

Dazix, an Intergraph Co., One Madi- 

son Industrial Park, Huntsville, 

AL 35894-0001; (205) 730-2000. 

@ LISA MALINIAK 


BOARDS LINK PGAS TO 
HARDWARE MODELER 


A 120-channel board adapter teamed 
with either a 180-pin or 208-pin inter- 
face board helps engineers connect pin- 
grid-array (PGA) devices to the Tera- 
dyne D300 Hardware Modeling System 
for simulation. A hardware modeler 
lets engineers use actual VLSI devices 
to supply the logical data needed for 
circuit and fault simulation. The board 
adapter is a pre-wired motherboard 
that accepts either interface as a 
daughterboard containing the device 
under simulation. Using a daughter- 
board to plug in the device under simu- 
lation makes it simple and inexpensive 
for engineers to swap devices. Both in- 
terface boards include power and 
ground connections. In addition, every 
channel-to-pin link is marked and iden- 
tified individually to ease the cutting 
and jumping that engineers may be re- 
quired to do. The 120-channel adapter 
board costs $2200. A 160-channel ver- 
sion is also available. The 180-pin and 
208-pin PGA interface boards go for 
$690 and $615, respectively. All prod- 


ucts are shipping now. 
Teradyne Inc., 321 Harrision Ave., 
Boston, MA 02118; (617) 482- 


2700. 
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“Direct mail can be informative, 
but I get more useful information 
from my trade magazines.” 


Your customers and prospects 
do get helpful information from 
the direct mail they receive. But, 
the fact is, the buying influences 
you need to reach depend more on 
their trade publications for infor- 
mation that helps them make 
buying decisions. A recent study, 
conducted by the Forsyth Group, 
confirms it. 

The study asked 9823 busi- 
ness and professional buying 
influences what sources of infor- 
mation they found most useful in 
shopping for the products and 
services they buy for their compa- 
nies. Almost invariably, they 
ranked specialized business publi- 
cations first. 

Other sources of information 
were also well regarded by many 
respondents. The results suggest 
that sales representatives, trade 
shows and direct mail are valuable 
parts of a solid marketing mix. 
But to reach the most prospects 
for the least money, you can’t top 
trade magazines. 

For a free copy of the study, 
please write to American Business 
Press, 675 Third Avenue, Suite 
400, New York, NY 10017 


Where business P 
goes shopping. 


THE SILICON VALLEY 
NETWORKING CONFERENCE 


Location : The Santa Clara Convention Center, Santa Clara, 
California and the adjacent Westin Hotel 


|__ APRIL 27 - 29, 1992 


KEYNOTE SPEAKERS: 
Eric Benhamou, Chief Executive Officer, 3Com Corp 
Dr. Colin Mick, Technical Director, Network Products, Comdisco Systems Inc. 
SS sen le 


The Silicon Valley Networking Conference is the only networking 
Ph wee conference that focuses on the DESIGN side of network-related 

ean a hardware down to the chip level as well as the development and use 
of network management and testing software. In addition to technical 
papers that focus on design issues there will be panel sessions and 
papers for system planners and strategic MIS executives that focus on 
future technology trends and network implementation issues. 


The SVNC program venue consists of three full-day tutorials on the 
opening day (Monday, April 27) and more than 70 technical and 
management-oriented paper and panel presentations arranged in three 
parallel sessions on the second and third days (Tuesday and 
Wednesday, April 28 and 29).  Table-top product exhibits and 
demonstrations will supplement the technical paper program on 
PRODUCT EXHIBITS** & Lunch Tuesday and Wednesday. Limited exhibit space is still available; 

(afternoon subjects) contact Ken Majithia at SysTech Research - (408) 924-3930 - for 

pad psn sd exhibition details. 


iv ichecben The Silicon Valley Networking Conference is a creation of 
Network im sh el alee Approaches SysTech Research. SVNC is co-sponsored by 3Com Corp., 


Panel: Implementation Issues National Semiconductor Corp., and Electronic Design and 
PRODUCT EXHIBITS** Electronics Magazines (Penton Publications). 


Wednesday, April 29 SVNC’92 REGISTRATION FORM ————————_, 
poycle Srlech Recrch end melted gn, Payment Payment * Payment 
(moming subjects) Research, 1248 Olive Branch Lane, San Jose, CA 95120. postmarked at the 

Physical Layer Design PAX inquiries (408) 997-6268, by 3/30/92 aber 3/2 Ee door 
Network Management (A) Tutorial only (one tutorial on Rd w 2) 
Wderire Nene Select one: T= 12 = $295 $350 
le- letworking B) Ss =o ee les exhi its entry) 
++ is coor rece includes 1 tutorial, a 
PRODUCT EXHIBITS** & Lunch parers a ne eee mark tutorial in (A). . $495 $550 
ptencon ecbises (D) Exhibits-only admission 
al inner ec (Table top ox exhibits on Papo 4/28 or A129)... $ 25 $ 25 $ 25 
(Fo! 


dai Architect and Pacions (E) Extra proceed ings r pick- 
Networki conference); 
Network et rsa SN $20/domestic, neyayencing. shipping. .... $85 $ 85 $100 


Panel s R onG | New extended deadline dates; after 4/16 do not mail, bring for at-door registration Tax ID #'77-028-4802 


in 4 
g “tentative; subject to change Name Title 
Ai cong ya open ay fd ay ye 2 on 
ee eee. Cone Sel Stop 


Note: Registration fees for the conference include 
coffee-break refreshments, lunch, one set of Sek Address i State Zip 
rence 


Telephone Email 


ur room reservations directly with the Westin Hotel, Charge to my MASTERCARD account. EXP DATE 


Sap 0700: Ask ort apockl per Medad eh gael AccountNumber_—“‘“;S™C#C*C#SSnztrre 
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DIRECT CONNECTION ADS 


PHASE DETECTOR 


PRODUCT DESCRIPTION 
The IMI4345 phase detector can be used in general 
applications which require high performance phase 
detection such as: CATV, AM/FM Radio, TV Tuning & 
Scanning Receivers. With its exceptional bandwidth it 
can also be used in Radar & Video applications. The 
device is a very fast CMOS digital phase detector. 
compares phases of two input frequencies & output error 
signals which are linearly proportional to the phase 
difference. When used with prescalers, a loop fitter and a 
VCO, the IMI4345 provides a very broad bandwidth 
frequency synthesizer. 
PRODUCT FEATURES 
* 40 MHz typical operating + Lock detect signal 
frequency + Suitable for systems 


+7 ns typical pulse width requiring ZERO phase- 
+ Linear digital phase frequency difference at 
detection lock 


* Two error output options: + Available in 8 PDIP & 
Single-ended or Double- SOIC 
+ Low power consumption 
CALL OR FAX FOR DATA 
SHEET AND PRICING 
TEL: 408-263-6300 x 252 of 253 
FAX: 408-263-6571 
525 LOS COCHES STREET 
MILPITAS * CALIFORNIA 95035 


INTERNATIONAL MICROCIRCUITS, INC. CIRCLE 400 


Gate Curve Characteristic Tester 
PC Based Nodal Analyzer for IBM PCXT/AT Compatibles 
Component Level Troubleshooting Aid 

When Active Testing Fails to Produce the Defective Component 


The GCCT Module can Light the Way 


Equal Different Different Equal 


Passive Testing 

Freq Selective 60H2,400Hz,2KHz | \ | | ff | 

Voltage Selective si ah | 58 
+-40V +-30V +-20V +-109 

Testing to 40 Pins Pint Pin? |Pin3 |Pind | 


Different Equal | Equal Different 


sta 


|PinS |Piné |Pin? |Pin8 | 


Multiple Sample Summation 
Menu Driven C Program 


Professional 

Digital 

Components 

Making Electronics Friendly For You 

2213 N Reynolds Rd Suite 7 Bryant, AR 72022 
(501) 847-2557 Call for FREE DEMO DISKETTE 


PROFESSIONAL DIGITAL COMPONENTS CIRCLE 403 


PoE © tf BO Nd C 
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wey he Complet 
| Electronic Design Solution. 


For FREE evaluation software 
and product specs, 


call 800 488-0680 


Tango, the leader in 
PC-based tools for: 


@ Schematic entry 

@ PCB layout and 
autorouting 

@ PLD design 

@ Simulation, timing 
verification and thermal 
reliability 

ACCEL Technologies, Inc. 

6825 Flanders Drive 

San Diego, CA 92121-2986 


Service 619 554-1000 
Fax 619 554-1019 


ACCEL TECHNOLOGY 


CIRCLE 402 


Instant Microcontroller 


Instant C 


Instant New Product 


Use our Little Giant™ and Tiny Giant™ miniature 
microprocessor-based computers to instantly com- 
puterize your product. Our miniature controllers 
feature built-in power supplies, digital I/O, serial /O 
(RS232 / RS485), A/D converters (to 20 bits), 
solenoid drivers, time of day clock, battery backed 
memory, watchdog, field wiring connectors, and 
more! Designed to be easily integrated with your 
hardware and software. Priced from $159. Core 
modules as low as $59, Low cost, interactive Dy- 
namic C™ makes serious software development 
easy 


Z-World Engineering 
1724 Picasso Ave., Davis, CA 95616 USA 
Tel: (916) 757-3737 Fax: (916) 753-5141 
Automatic Fax: (916) 753-0618 
(Call from your fax, request catalog #18) 


Z-WORLD ENGINEERING CIRCLE 404 


Here's all you have to do: 


= Send a B/W or 4C glossy photo. 


@ Include 13 lines of copy. 
(37 characters per line) 


= Write a headline of 32 characters or less. 


We do all the rest. 
No production charges. 


We also accept camera-ready art. 
Ad size 23/16” wide X 3” deep. 


ELECTRONIC DESIGN 


ELECTRONIC DESIGN AUTHOR’S GUIDE 
Thinking of lech a technical article for publication in 
Electronic Design? This 12 brochure contains just 
about everything you need to know about the process: 
submitting the outline, tips on writing the manuscript, 
Preparing the artwork, and more. 

ELECTRONIC DESIGN 

611 Route #46 West 

Hasbrouck Heights, NJ 07604 


ELECTRONIC DESIGN 


DES 1G NERY 


DIRECT CONNECTION ADS 


PCB and SCHEMATIC C.A.D. | 


real | 


EASY-PC EASY-PC 


@ Runs on PC/XT/AT/286/386 
with Here, CGA, EGA, VGA. 

* 1 @ Design Single sided, Double 

sided and Multilayer boards.} 


@ Provides Surface Mount 
support. 

@ Standard output includes 
Dot Matrix / Laser / Inkjet 
Printer, Pen Plotter, 
Photo-plotter and N.C, Drill. 

@ Award Winning EASY-PC is 

now in use in over 11,000 

Installations in 70 

Countries World-wide. 

@ SUPERBLY EASY TO 

LEARN AND USE. 


@ Not Copy Protected. 


Options:- 1000 piece symbol library $75.00, 
Surface Mount library $112, Gerber Import facility $195.00 
For full info’, write, fax, call or use Inquiry # ne 
Number One Systems Ltd. 1 
REF: EDUS, HARDING WAY, ST.IVES, HUNTINGDON, 
CAMBS., ENGLAND, PE17 4WR. 

Telephone: Fax: 

USA: 011-44-480-61778. USA:011-44-480-494042 AMEX,VISA, 
Intni:- +44-480-61778 Intni:- +44-480-494042 MasterCard 
UK :- 0480 61778 UK :- 0480 494042 Welcome 
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NUMBER ONE SYSTEMS, LTD. CIRCLE 410 


FRXJE LECTRONIC 


Quality Debugging Accessories 


@ Protect your ICs from damage. Insert and extract LCC, 
PLCC, PGA, and POFP packages with the right tool. 

© Use receptacle boards to build test fixtures, and mount 
your test equipment, in half the time. 

e Get the right production sockets, burn-in sockets, test 
leads, and test clips for SMT, SOIC, or PLCC circuits. 

© Quick turnaround on custom engineering services, if 
needed. For a free catalog, contact: 


Emulation Technology, inc. 
2344 Walsh Ave. Santa Clara, CA 95051 
Phone: 408-982-0660 FAX: 408-982-0664 


EMULATION TECHNOLOGY CIRCLE 406 


FREE ENGINEERING GUIDE 
ON SIMIC 


(SIMulate Integrated Circuits) 


How to significantly increase prod- 
uct reliability and engineering pro- 
ductivity. 


How to easily detect design prob- 
lems and timing violations that most 
simulators overlook. 


Describes circuit configurations that 
other logic simulators mishandle. 


GENASHOR CORP. 

9 Piney Woods Drive 

Belle Mead, NJ 08502 
(908) 281-0164 


GENASHOR CORP. CIRCLE 408 


Oxley SMOX Surface Mount 
Test Points and Test Pads 


*SMOX Test points and Test pads are designed to 
ensure fast consistent and trouble-free testing without 
damaging the pcb. 


“SMOX Test points and sockets—ball and socket arrange- 


ment provides quick and damage free connections 
*“SMOX Test pads—ideal for loosely toleranced bed of 


nail connections. 
®) 


*Gold-plated for minimal contact resistance. 
OXLEY INC. 
reed 
CIRCLE 411 


25 Business Park Drive 
PO Box 814 Branford 

Conneticut 06405 USA 
Tel: 0101 203 488 1033 
Fax: 0101 203 481 6971 


OXLEY, INC. 


OXLEY 2 


=>. 


RS232_ EE/EPROM, MICRO ¢ 
MEMORY CARD PR OGRAMMER $345 /495 
@ Programs EE/EProms, Flash Eproms, ZPRams, Intel Micros, Memory Cards. 


@ Stand-Alone Mode for EE/EProms and Memory Card Duplication / Verify 
@ All 24/2 


2 pin E i /EProms te SMBs (upgradeable to 32 Megabits) 
Micros: +4,-8,-9,-51,-C51,-CS1FA/B,-52,-53,-55,-C521,-C541,9761. 
© Accepts de oie Ae hans Card Programming Module (Seiko/ 
Epson) - $145, Eraser/Timer Module - $50, Gang Module (4 sockets) - $145 
Simultaneously duplicates up to 5 devices in stand-alone mode (with Gang) 
© Can be operated with any computer containing an RS-232 serial port. 
@ User friendly Menu-Driven Interface Program for IBM-PC or compatible 
@ Full 1 year warranty. Customer support via voice line, fax or dedicated BBS. 


|INTELLIGENT ROM EMULATOR $445 | 


@ Emulates 2716 through 27512 EProms with a single unit. Access time 120ns. 
@ Connects to the standard parallel printer port via a standard printer cable. 
@ User friendly software. Command set includes: Load(data), Write(data), 
Display( memory), Type(of EProm),Edit(memory),Fill(memory),Calculator, 
m),Activate(debugging feature ),Monitor(sclected feature). 
e with Halt output, Address Snapshot, Trigger input. 
@ Fast data loading via parallel printer port (64k bytes in less than 10 sec). 
@ Cascadable up to 8 units.Includes target cable with Trigger/ReseyHalt clips. 
@ CMOS RAM chips with rechargeable NiCad battery backup. 

MC/VISA/ AMEX All prices are U.S. list only 


750 N. PASTORIA AVE., SUNNYVALE, CA 94086 USA 
Tel: (408) 730-5511 Fax: (408) 730-5521 


B&C MICROSYSTEMS CIRCLE 407 


SIMPLIFY BOARD LAYOUT 


MICRO/Q 1000 ceramic decoupling capacitors 
share board mounting holes with IC pins to 
simplify board design. Now add more active 
devices with increased density in the same 
space, or design the same package on a 
smaller board. 

Send for your free information. 

ROGERS CORPORATION 

2400 S. Roosevelt St. 

Tempe, AZ 85282. Phone: (602) 967-0624 

ROGERS CORP. CIRCLE 409 


* Schematic 
Entry 


* SPICE 
Simulation 


* Model 
Libraries 


* Waveform 
Processing 


only $990 


Futty InteGratep, Easy To use, ANALOG Circurr 
SIMULATION ENVIRONMENT, From One VeNDoR, FEATURING: 
A powerful SPICE simulator performing AC, DC, and Transient, 
analyses, extensive model libraries, schematic entry, graphical 

waveform processing, and report quality printouts. 


INTUSOFT CIRCLE 412 
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] HMI provides complete development systems—in-circuit emulator, window 
driven source level debugger and software performance analyzer—that address all 
* aspects of the microprocessor system design cycle, from prototype to production: 


HMI Emulators Feature: EMULATORS 
@ Run at real-time with no wait states. 

@ Complex events and sequences for break and trigger conditions. 
Mi Two independent 4K deep trace buffers. 

@ | psec resolution interval timer. 

@ Logic analyzer capabilities built into the emulator. 

@ 16 External Trace bits. 

W@ RS232 Interface up to 115.2K. 

@ Parallel Interface for high-speed downloading. 

@ Work with IBM PC family and UNIX based machines including SUN and Apollo. 


SOFTWARE 


HMI’s SourceGate ties it all together, so emulator features aren’t sacrificed to gain source- 
level debugging. 


HMI SourceGate® Features: 

@ Custom window configuration determined by user. 

@ Support for major C, PL/M, Pascal and ADA compilers. 
@ Source code in the trace buffers. 

@ C variable tracking. 


ANALYZERS 
Add our Performance Analysis Card to complete your development package. 


Performance Analysis Features: 

@ Real-time hardware implemented software performance analyzer. 
@ 100 nsec resolution time-stamp in trace buffer. 

@ Setup trigger conditions to start and stop analysis. 

@ View covered and not covered pieces of code. 


If you are looking for one development system that does it all, call (205) 881-6005, or write to 
Huntsville Microsystems Inc., 3322 South Memorial Parkway, Huntsville, AL 35801. Ask for free demo disk. 


AVAILABLE EMULATORS 
68000 68330/333 68HC001 
68008 68331/332 8051 Family 
68010 68340 DS5000 
68020 6809/6809E 8096/80196 Family 


68030 68EC020 8085 
68302 68EC030 64180/Z180 
68301/303 68HCI1 including 780 
Fl and D3 68HC16 Family 
Now supporting 68040 Series 


IBM is reg. T.M. International Business Machines, Inc. UNIX is reg. T.M., Bell Laboratories, Inc 
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DIGITAL STEP 
ATTENUATORS 


up to 35dB 
10 to 1000MHz 


ven PIDIS 


Finally...precision attenuation accurate over 10 to 
1000MHz and-55°C to +100°C. Standard and custom 
models are available in the TOAT(pin)- and ZFAT(SMA)- 
series, each with 3 discrete attenuators switchable to provide 
7 discrete and accurate attenuation levels. 


The 50-ohm components perform with 6usec switching 

TOAT-R512 | TOAT-124 | TOAT-3610 | TOAT-4816 | TOAT-51020 speed and can handle power levels typically to +15dBm. 
ZFAT-R512 =| ZFAT-124 edly Hn pail Rugged hermetically-sealed TO-8 units and SMA connector 
Accuracy Accuracy eee oe eerecy versions can withstand the strenuous shock, vibration, and 
ve — o a - a © re = v temperature stresses of MIL requirements. TOAT pin models 
10 o2 1/20 o2 |60 O38 | 80 03 |100 03 are priced at only $59.95 (1-9 qty); ZFAT SMA versions are 
15 032 | 30 0.4 | 90 06 |120 06 |150 06 $89.95 (1-9 qty). 

20 02/40 03 |100 03 |160 05 |200 04 

25 092 |50 O05 1130 06 1200 08 |250 07 Take advantage of this striking price/performance 
3.0 0.4 | 60 05 |160 06 |240 08 |300 07 breakthrough to stimulate new applications as you 
35 052 |70  o7 |190 09 |280 114 |350 10 


Price $ (1-9 qty) TOAT $59.95/ZFAT $89.95 


bold faced values are individual elements in the units 


Distribution Centers /NORTH AMERICA 800-654-7949 e 417-335-5935 Fax 417-335-5945 


finding new ways 


setting higher standards 


implement present designs and plan future systems. All units 
are available for immediate delivery, with a one-yr. guarantee, 
and three-sigma unit-to-unit repeatability. 
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[—_]Mini-Circuits.......... 


P.O. Box 350166, Brooklyn,New York 11235-0003 (718) 934-4500 Fax (718) 332-4661 


EUROPE 44-252-835094 Fax 44-252-837010 


For detailed specs and computer-automated performance data (CAPD), refer to Thomas Register Vol. 23, MicroWaves Product Directory, EEM, or Mini-Circuits' 718-pg Handbook 
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AYED 

5000 DEL 

i 10000 DELAYED 
5000 CANCELLED 


| 


| or | The 40 MHz PLD with Cloud cane pase pe fe save oe ‘i iis 

| By Gate Array Capacity time with MAAS hes ase ve ment) itv 1CA ena a 

| = ay you to have a Programmed solution in hours, not months. 

| i If you want PLD design convenience with Catch the entire MAX family of 28-, 44. 68. and 84-pin 
x a the density of FPGAs or Sate arrays, Cypress devices in both ( erasable) windowed ceramic or Plastic 

_=— =e has the best way to get you there without Packages, Cal] the Cypress hotline today for your free MAX 
dette ee delay: our new MAX CY7C34] EPLD. information, including brochure and Data Book. Our Field 
full utilization of MAX 34]’s exclusive Logic Array Block Applications Engineers are ready to show 


shortest interconnect Path. Data glides 


iene (LAB) architecture always affords you the you how MAX 34] can make your designs fly, Gk 


ase a between the 12 LABs with a singular - 
a= : < LABs a singular, 
L_] BY | | a Predictable interconnect delay. Count on FREE MAX INFO HOTLINE: } 
Le Bim ull, 7,500 gate utilization, with no drop-off 1-800-858-1810 / 
| from MAX’s 40 MHz performance, And MAX Ask for Dept C31. = J 


Pak «Bas nonvolatility and built-in Security bit | 
FPGA Gate Array dl tra cafoh, « stahilin, 

Architecture: propor. ive you extra safety and stability, ~~ 

for lots of delays (speed Since MAX 34] isa lield-programmable 

depends on routing) EPLD, you Cruise above the NREs that can 


*In Europe, fax your request to the above dept. at (32) 2-652-1504 or call (32) 2-652-0270, 
In Asia, fax to the above dept. at ] (415) 961-420]. 1992 Cypress Semiconduct, Ir, 

3901 North First Street, San Jose, CA 95134: Phone 1 (408) 943-2600, TELEX: 821032 
CYPRESS SNJ UD, TWX: 910-997-0753. MAX is a registered trademark of Altera Corporation 
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